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PRODUCT NEWS FROM 


“LYSINE 


(monohydrochioride) 


with NO b-isomer 





produced by fermentation... 
now available in quantily 


e@ Through its leadership in fermentation chemistry, Pfizer now offers pharma- 
ceutical and food manufacturers the essential nutrient L-lysine in practical 
commercial quantities. A unique fermentation process assures that only the 


biologically active L-isomer is produced. 
In the average human diet lysine is more deficient than any of the other eight 





Manufacturing Chemists 
for over 100 years. 


essential amino acids. 
Volume production of Pfizer L-lysine means you can offer an important new 


health plus in your products. In medicinal products Pfizer L-lysine should have 
special significance in meeting the nutritional needs 
of children, pregnant women, older people and those 
who are recovering from illness. In cereal food prod- 
ucts, particularly wheat products,* Pfizer L-lysine CHAS. PFIZER & CO., INC. 
can Ngtage boys hy tages e ry a level com- Chemical Sales Division 
arable to that of high quality animal proteins. 
P ~~ ‘ 6" q oa” P : : 630 Flushing Ave., Brooklyn 6, N. Y. 
Write us if you would like further information . : 
e - ase Branch Offices: Chicago, Ill.; 
about Pfizer L-lysine, and a free sample. Pfizer Tech- ; 
. . . * ; San Francisco, Calif.; Vernon, Calif; 
nical Service men can also help you in taking ad- 
; Gi 4 ' Atlanta, Ga.; Dallas, Texas 
vantage of this important new development. 


*Before adding L-lysine to food products, manufacturers should check Federal 
and State standards of identity. 














PROCTOR DRYERS 
for high product uniformity —more profit! 


PRODUCT UNIFORMITY is of utmost importance to 
every food processor, at all stages of processing. 
The Proctor continuous conveyor dryer installation 
shown above is located in a plant of one of the 
world’s largest food manufacturers—typical of many 
in use in the food industry today. In this plant 
Proctor Dryers assure uniformity of color, taste, and 
high customer appeal—yields are greatly increased! 


WITH UNIFORMITY COMES PROFIT. Efficient drying per 
pound of product can often mean more direct profit 
than an increased sales volume. Proctor equipment 
provides the control, flexibility and construction 
features essential to profitable drying performance. 
Write or phone today for complete information. 
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INCREASED YIELDS 


GUARANTEED QUALITY 
OF PRODUCT 


FLEXIBILITY 
PROFITABLE OPERATION 


OTHER PROCTOR DRYING EQUIPMENT FOR 
THE FOOD AND PROCESS INDUSTRIES 


TRAY DRYERS « TRUCK DRYERS 
PRE-FORMING FEEDS + SPRAY DRYERS 


MANUFACTURERS OF INDUSTRIAL DRYING 


PROCTOR & SCHWARTZ, Inc. ‘1s so tame acum 
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Food Research at the Eastern 
Utilization Research Branch 


I, THE SUMMER of 1940, the doors of the Eastern 
Regional Research Laboratory of the U. S. Department 
of Agriculture, in Wyndmoor, Pennsylvania (near 
Philadelphia ), first opened. It was one of four labora- 
tories established simultaneously to find new and profit- 
able uses for agricultural commodities. The others like- 
wise took their names from the agricultural regions 
they were intended to serve; the Northern in Peoria, 
Illinois, the Southern in New Orleans, Louisiana, and 
the Western in Albany, California. 

These four laboratories are known today as the Utili- 
zation Research Branches of the Agricultural Research 
Service. The research conducted in these Branches is 
seeking both new industrial uses and new food uses for 
agricultural commodities. In the food field much of the 
effort has been directed to the development of new 
items and to an improvement in the quality or a decrease 
in the cost of existing foods. 

The Eastern Utilization Research Branch is adminis- 
tered by Dr. P. A. Wells, who has been head of the 
Wyndmoor laboratory since its beginning. The Branch 
now embraces, in addition to the Eastern Regional Re- 


The Eastern Regional Research Laboratory, Wyndmoor (near 
Philadelphia), Pa., headquarters of the Eastern Utilization 
Research Branch of the USDA’s Agricultural Research Service. 
Inset is Dr. P. A. Wells, Chief of the Branch. 


Norman E. Roberts 
Eastern Utilization Research Branc 
Agricultural Research Service, U 
Department of Agriculture, Philadel 
phia 18, Pennsylvania 


search Laboratory, laboratories in the South Building « 
the Department of Agriculture in Washington, D. ‘ 
and at the Agricultural Research Center, in Beltsvill 
Maryland. 

Broadly, the food program of the Eastern Utilizati 
Research Branch could be divided into three 
areas: (1) Eastern fruits and vegetables, and spe: 
crops; (2) dairy products; and (3) meat and 
livestock products. 

Fruits and vegetables. The program of the Eastern 
Branch on fruits and vegetables ranges from a detailed 
scientific analysis of the components of fruits and vege 
tables and similar work of a fundamental nature, to the 
development of new food products and their production 
on a small scale in the laboratory’s well-equipped pilot 
plant. 

On the fundamental side, for example, there is the 
study of the red sour cherry, which is designed to find 
out why this popular pie fruit loses its appealing bright 
color in a relatively short time after canning. 

The minor constituents of fruits and vegetables 


(Continued on page 4) 








MAKES THE TASTE BUDS TINGLE just to look at these eye-filling gelatin dessert delicacies. 
But sight appeal is not enough; your easy-to-prepare dessert products must also possess luscious, lively 
flavors if they are to convert first-time buyers into steady, repeat customers for your particular brand 
. . . FRITZSCHE offers an incomparable selection of fine flavors specially developed for various types of 
food, beverage and dessert products . . . also the experience and facilities for handling individual 
flavoring problems that demand special laboratory attention. Remember: Your product is ONLY as 


Seas ee ORO ROO 2 2 
thers, Ine. 


For helpful suggestions, direct your special PORT AUTHORITY BUILDING, 76 NINTH AVENUE, NEW YORK 11, N. Y. 


flavoring problems to our Flavor Division, BRANCH OFFICES end *STOCKS: Arlente, Georgia, Boston, Massachusetts, *Chicago, Ulimois, Cincianati, 
Dept. FT. Obie, *Los Angeles, California, Philadelphia, Pennsylvania. San Francisco, California, $s, Lomis, Missouri, 
Montreal and *Toronto, Canada and * Mexico, D. F. FACTORY: Clifton, N. | 


good as its FLAVOR! 
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(Continued from page 2) 

those present in such minute quantities that they could 
not be accurately determined by earlier analytical 
methods—are under study at the Eastern Branch by 
such methods as chromatography and infrared and ultra- 
violet spectrophotometry. This work is revealing that 
some of these components of fruits and vegetables have 
important effects on their processing quality. 

Eastern Branch chemists have been interested in what 
makes for consistency in processed tomato products. 


Eastern Branch apple juice powder is kept dry by means of 


an in-package desiccant, in the small envelope in the center 
foreground. 


Not sure that the amount of pectic compounds is the 
only, or even the main, factor in regulating consistency, 
they have noted vast differences in juices made from 
different parts of the tomato, which had essentially the 
same solids and pectic content. These studies have indi- 
cated that chemical composition is not so important to 
juice consistency as the quantity of tomato cell walls 
present, the presence or absence of pectins in the walls, 
and the structural arrangement of the walls. 

On the applied side, various new products are con- 
tinually being developed at the Eastern Branch and 
brought to the point of production feasibility in the 
Branch’s pilot plant. In 1944 a process was developed 
for making full-flavored apple juice concentrate by 
recovering the volatile flavor of the apples during 
processing, concentrating it, and then restoring the re- 
covered and concentrated flavor to the concentrated 
juice. This basic development, called “essence _re- 
covery,” is of great importance because it permits the 
recovery of the volatile flavoring constituents that im- 
part the fresh character to the fruit. These volatiles 
were previously largely lost during processing. This 
development opened the way for the economical produc- 
tion of many volatile fruit essences, which are used to 
restore the flavor to concentrates. They are also used 
to fortify the flavor of other food products such as ice 
cream, candy, and beverages, and are incorporated in 
certain flavoring extracts. The process has been applied 
to grapes, peaches, strawberries, red raspberries, cher- 
ries, blackberries, and low-bush blueberries. Apple, 
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cherry, and grape juice powders, produced by a batch 
process on a pilot-plant scale have successfully with- 
stood room temperature storage tests for over a year 
without significant flavor or quality loss. A continuous 
process is now under development to make these 
powders. 

One of the Eastern Branch’s latest developments is 
a new and different form of dehydrated mashed potato 
called “potato flakes.” These flakes are made by drying 
mashed potatoes in a thin sheet on drum driers and then 
breaking the sheet into flakes. The process employs a 
single stage drying step, and the drying time is short 
(less than 30 seconds). Therefore the potato flavor is 
retained and a subtle baked-potato flavor is added 
Because only a minimum of damage to the cellular 
structure of the potato occurs, the flakes reconstitute 
with hot water and milk to mealy, fluffy mashed 
potatoes. 

From the standpoint of the economic utilization of an 
agricultural commodity often in serious surplus, potato 
flakes are a promising development. They can be made 
with lower-solids-content potatoes from the East and 
other regions as well as from Idaho Russets which are 
used almost exclusively in other forms of dehydrated 
mashed potatoes. Also, the process can use single-drum 
driers, generally available in potato flour plants. 

Potato-chip manufacturers can now offer to the pub 
lic a completely new line of wholesome and nutritious 
snack items as a result of research at the Eastern 
Branch on the deep-fat frying of vegetables. Details of 
processes for making chips from sliced carrots, beets, 
and parsnips, and “nuggets” from whole peas and lima 
beans, have been worked out. The chips retain the 
characteristic flavor of the vegetable from which they 


Pilot plant equipment for producing potato flakes. The sliced 
potatoes are cooked in the steam-tunnel at the right as they 
move along the conveyor, and after cooking are riced and 
stabilized by addition of antioxidant (right center). The 
potatoes are then spread on a steam-heated drum drier and 
come off the drier in a thin sheet which is broken into flakes 
(left center). 


were made; the nuggets have a unique nutlike flavor 
The nuggets also can be ground into soup powcers that 
reconstitute quickly in hot water. Along with the de- 
velopment of these new products, research to improve 
the quality of the time-honored potato chip is also 
carried on at the Eastern Branch. 

Maple and honey. Maple and honey are two specia! 
crops of considerable agricultural significance on which 

(Continued on page 6) 
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Try a sample 
of this wholesome 
emulsifier 


It's DPi's Myverol™ Distilled Monoglycerides. And it’s 
not only an excellent emulsifier, but a wholesome food 
as well. 

Made from your choice of naturai fats and oils and 
parified by molecular distillation, it contains at least 
90% monoglycerides—is largely freed of diglycerides 
and other extrancous materials. The product is homog- 
enized with nitrogen to produce a smooth, white 
cream of dependable uniformity. 

Useful for baked goods, shortening, margarine, pea- 
nut butter, dessert toppings, and other food products, 
Myverol Distilled Monoglycerides are available in 
whatever quantities you require. We shall be pleased to 
send you a selection of samples for your investigation. 
Just write Distillation Products Industries, Rochester 3, 
N. Y. Sales offices: New York, Chicago, and Memphis « 
W. M. Gillies and Company, Los Angeles, Portland, 
and San Francisco « Charles Albert Smith Limited, 
Montreal and Toronto. 
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(Continued from page 4) 

work is done at the Eastern Branch. Maple processing, 
from the tapping of the trees to the manufacture of 
maple sirup, candies, and other products, is intensively 
studied, with the result that farmers are realizing more 
from their maple crops and consumers are provided 
with new, improved, and more economical maple de! 
cacies. Honey research has developed new uses for t! 
sweetening agent, especially in the field of baked 
products. The constituents of honeys from different 
floral sources are now being determined by moder: 
analytical techniques. 

Dairy products. {the Department of Agricultur 
utilization research program on milk and other dai: 
products is concentrated in the Eastern Branch. It is 
well-balanced program of both basic and applied studies 
The milk-processing pilot plant at Washington did 
pioneer work in the development of a high-temperature, 
short-time method of sterilizing evaporated milk. A 
whole milk powder is under study, new uses for s 
milk and whey are in development, and a small-s 
bakery evaluates the effectiveness of milk products 
baked goods. 





L V. Rogers of the Branch’s Dairy Products Section demon 
strates research on the effect of dried milk solids on bread. 
Here he is measuring the volume of a loaf by displacement of 
small seeds. 


The total solids content of a milk sample can now be 
determined precisely without drying it to constant 
weight, thanks to a new lactometer, developed at th 
Eastern Branch, which measures the specific gravity 
milk at 102° F. At this temperature the fat is 
pletely in a liquid state and thus cannot affect the 
accuracy of the measurement. 

Research on the spreadability and flavor of butte: 
and on the making of many types of cheese is another 
important part of the Eastern Branch’s dairy program 
Developments in this field include a new, short-time 
method of making Cheddar cheese using conventiona 
equipment. 

Such practical developments as these are necessarily 
dependent upon basic research findings. For a numbet 
of years the proteins of milk, especially casein, the 
principal protein, have been studied at the Eastern 
Branch with highly interesting and significant results 
An analysis of the effect of heat on milk has yielded 

(Continued on page 8) 





Vitamins and the violinists 


ess for DPi—a living for all! 

tht explains that we don’t advertise 
our vitamins to the general public. We just supply vitamin A 
in bulk to margarine and other manufacturers and tell them 


In the middle is Raymond W. Albright, our general manager. 
The two musicians are members of our city’s orchestra. Mr. 
Albright, board chairman of the Civic Music Association, has 
been talking to them about the need for getting more engage- 
ments to make ends meet. Tough problem. 

A beautiful idea hits the bass violinist. He asks Mr. Albright 
if it’s true his company makes vitamins. Mr. Albright admits 
it’s true. A light goes on in the musician's eyes. Doubtless the 
vitamins have to be advertised in a dignified way? Why not, he 
wants to know, use the orchestra on television? Income for the 


orchestra, More vitamin busi! 
Sadly, kindly, Mr. Al 


everything we've learned about the vitamin in the last twenty 
years. If there is any advertising or promotion of the merits of 
the vitamin, it must be left strictly up to them. The violinists 
shake their heads and si and go back to rehearsal. Mr. 
Albright, still with a musical budget problem, goes back to 


the shop. 


If you have any ideas on how to get adequate support for symphony orchestras, Mr. Albright 
will welcome, them. If you have any problems involving the use of vitamins A and E in 
pharmaccutical products, we'll welcome those too. Even orders. That’s the business of 
Distillation Products Industries, Rochester 3, N.Y. Sales offices: New York, Chicago, and 
Memphis « W. M. Gillies and Company, Los Angeles, Portland, and San Francisco ¢ Charles 


Albert Smith Limited, Montreal and Toronto. 


leaders in research 
and production of vitamin A 


Also ... vitamin E... distilled monoglycerides 
...some 3500 Eastman Organic Chemicals 


for science and industry 


Distillation Products Industries iso division ¢ Eastman Kodak Company 
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(Continued from page 6) 
information of value in the field of milk sterilization. 
The colloidal properties of fat-free milk have been 
studied using the ultracentrifuge, and this work has 
clarified many of the changes that take place in manu- 
facturing evaporated milk. 

Meat. Meat research at the Eastern Branch is con- 
cerned with a number of problems relating to the 
quality of meat and processed meat products. The 
perishability of cured meats has led to a study of farm 
and locker plant methods for curing and storing pork. 
Improved curing methods have been developed as a 
result of this research, but more data are being sought 
on such points as the mechanism of aging and the role 
of native enzyme systems and microorganisms during 
curing and storage. 

The muscle components of meat are being studied in 
connection with comminuted products such as sausage. 
These components have been linked to the “binding” 
properties of meat which are important for retention of 
moisture, adherence of components, and juiciness and 
tenderness in such products. 

Beef tenderness is another important field of research 
at the Eastern Branch. The problem is to take full 
advantage of the tenderizing effect of aging on lower 
grades of beef without encountering microbial growth. 
Among the experiments being tried are ultraviolet 


The Section met on December 10, 1956, for dinner 
at the Palmer House. The December meeting followed 
tradition as “ladies’ night.” After dinner the group 
heard Dr. Ernest Guenther, vice-president and director 
of Fritzsche Bros., present the story of essential oils. 
The presentation was based on a motion picture film, in 
color, showing the production of oil of lavender and 
lavandin in Southern France ; absolute of rose, jasmine, 
and orange flowers in the Grasse region of the same 
country, the production of oils and their distillation in 
Spain—thyme and rosemary, for example—the distilla- 
tion of pine needle oils (the Tyrol) and the production 
of lemon and bergamot oils in Calabria and Sicily. New 
developments in North Africa were also depicted. The 
countryside of these various regions was a most enjoy- 
able aspect of the film but in addition Dr. Guenther’s 
presentation provided the audience with a wealth of 
details on the aromatic plants and their constituents. 
Dr. Guenther, author of the monumental six-volume 
work, The Essential Oils, has accumulated a vast 
knowledge of his subject. A graduate of the University 
of Zurich, Switzerland (Ph.D., 1920) he studied under 
Professor Paul Karrer, Nobel prizeman and outstand- 


radiation to reduce contamination by microorganisms, 
use of higher aging temperatures, and infusion of car- 
casses with antibiotics and enzymes. Other qualities 
desirable in meats, such as juiciness, aroma, flavor, and 
color, are being studied from the standpoint of the 
individual meat components which contribute to these 
qualities. 

The Eastern Branch is carrying on an extensive pro- 
gram of research on animal fats. Most of this work is 
concerned with the use of inedible fats in industrial 
applications. A part, however, is designed to improve 
the physical characteristics of lard and other meat fats 
especially for use in baked products. By means of 
photomicrography, basic studies are being made on the 
crystal habit of lard and rearranged lard. This work is 
expected ultimately to place meat fats in a better com- 
petitive position with respect to vegetable shortenings. 
The Branch is also cooperating in an effort to establish 
the role of dietary fats in nutrition. 


CONCLUSION 
Thus, on many food fronts, the utilization research 
of the U. S. Department of Agriculture, and specifically 
that of the Eastern Branch, is finding new outlets for 
the farmer’s commodities, providing the food processor 
with profitable items for manufacture and sale, and 
widening the consumer’s choice of available foodstuffs 


ing chemist, and began his career in the essential vils 
field as assistant to Professor Albert Hesse. 


Sahih 

Ninety-five members and guests attended the No- 
vember dinner meeting at the M.I.T. Faculty Club, 
Cambridge, Mass. The evening’s festivities started 
with the presentation of the Florasynth Award for 1956 
to Mr. Thomas L, Fazzina, Department of Food Tech- 
nology, M.I.T., by Col. Charles S. Lawrence, Execu- 
tive Secretary of the I.F.T. 

The featured speaker of the evening was Dr. Emil M 
Mrak, Chairman of the Department of Food Tech- 
nology, University of California, and President-elect of 
the I.F.T., 1956-57. His illustrated talk dealt with food 
technology in Switzerland and covered such topics as 
wine making, apple juice production, cheese manufac 
turing, slaughter house sanitation, and supermarket 
operations. Dr. Mrak emphasized that despite the over- 
all small scale type of operation prevalent, the Swiss 
were very sanitation conscious. This was noted in the 
frequent use of tile for processing and storage areas 
devoted to wine making and apple juice and in the rapid 

(Continued on page 10) 





How Sunkist helps you... 


In every field of food processing, new contributions are being 
made toward tomorrow’s better foods. Look at these typical Exchange 
Brand developments, based on 50 years of Sunkist research. 


EX CHANGE 
OIL OF LEMON 


Unmatched quality and flavor 
that come only from 

quality California ‘emons .. . 
grown and skillfully 
processed by exacting 
Sunkist standards. The 
4-to-1 favorite over all other 
lemon oils combined! 


EXCHANGE 
OIL OF ORANGE 


By far the best orange 
oil by any laboratory 
measurement. Always 
consistent, richer in 
flavor strength and more 
intense in aromatic 
constituents. Standard 
the world over for orange 
flavor excellence. 


EXCHANGE 
PRESERVER’S PECTIN 


Here is even jell strength 
that guarantees a more 
consistent, uniform, finished 
product ...a smooth, 
perfect texture and 
complete reliability 

in setting control. 


Sunkist Growers 
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LOW METHOXYL PECTIN 


A natural fruit pectin that 
jells without sugar. 
Completely tasteless, permit- 
ting the use of the most 
delicate flavors... allows 
the natural juicy fruit flavor 
to come through. Controls 
“running” or “weeping” 

in pies when cut. Famous 
too for aspics, jellied fruit 
or vegetable salads, 

dietetic preserves 

or non-sugar jells 


EXCHANGE 
LEMON JUICE 


Brings out the natural flavor 
of any food product. A 
superior acidulant in the 
preparation of mayonnaise, 
fruit cocktail, figs, fruit 
nectar, prunes and other 
heavy-syrup products. Highly 
effective as an anti-oxidant 
in processing frozen foods, 
particularly frozen fish 
products. Available in 
concentrated or single 
strength form. 
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(Continued from page 8) Lhe feature of the meeting was the talk of Dr. Mrak 
on “Developing Concepts of Food Technology Teaching 
and Research.” This was well received by both those 
in industry and those in education, for the impact of 
theory upon industrial problems was well illustrated in 
the operational organization of university Food Tech- 
nology research and teaching. The relationship of the 
fundamental sciences and various other studies in a 
Food Technology Department was explained. The well 
equipped young Food Technologist who is graduating 
today is better trained than ever before to define and 
handle the problems of today and tomorrow. 


sanitary cleanup of outdoor slaughtering pens. While 
the outdoor type of market place for edibles still is an 
integral part of Swiss community life, the American 
type of supermarket is becoming increasingly important. 


The Peace Bridge Motel, Buffalo, N. Y., was the 

scene of the Section’s December 3rd meeting. Dr 

George Garnatz, IFT President, was the dinner speaker 

and his topic was “Kroger Foundation—Consumer 

Research.” Dr. Garnatz is the Foundation’s Director. 

Florasynth Award (left to right): Jack Friedman, Vice The afternoon was devoted to a technical program and 


President, Florasynth Company; Arch Payne, General Man- 3pa ; 
ager, Florasynth Company; Thomas Fazzina, M.I.T., the re- the following papers were heard : 
cipient; Dr. Samuel A. Goldblith, executive officer, Dept. of “Report on Studies Relating to the Quality of Free 


Food Technology, M.1I.T.; Col Charles S. Lawrence, Execu- ° 4 ; 
tive Secretary, IFT; Dr. "Bernard E. Proctor, Head of the stone Peach Purees as Affected by Harvesting 
Department of Food Technology, M. I. T. and Processing Conditions,” by Dr. D. E. Wil- 


son, New York State Agricultural Experiment 

Station, Geneva, N. Y. 
“The Structure and Properties of Present Day Food 
i Colors’—by Dr. Samuel Zuckermann, Plant 
2 Manager, H. Kohnstamm & Co., Inc., Brooklyn, 
N. Y. (Dr. Zuckermann will discuss the funda- 
mentals of this new technique, and possible 
adaptability to food technology will be noted). 


The Oregon Section, IFT began their November 
meeting activities with a late afternoon tour of the new 
Portland glass plant of Owens-Illinois. Among the 
hosts welcoming the group of approximately sixty were 
Bill Spencer and Marshall Bull. An after dinner meet- “Radioactive Isotope Tracer Techniques’—by Dr. 
ing with Pres. Alton McCully presiding was held at the Gordon Harris, Chairman of Department of 
Kitchen Kettle at which IFT President-elect Emil Chemistry, University of Buffalo, Buffalo, N. Y 
Mrak brought news from the national office and pre- 
sented graduate student John Schnautz with the General 
Foods plaque which accompanies the award fellowship, 
previously announced. 

IFT President George Garnatz addressed the Sec 
tion’s November dinner meeting held at the Drexel 
Institute of Technology on the 13th. Topic: “Newer 
Trends in Food and Effects on Our Eating Habits.” 

Mr. Garnatz, with the aid of projected slides, out 
lined the development of our knowledge of food through 
out the history of food technology. For instance, in the 
early days up to 1834 food was considered to be merely 
a combination of protein, fats and carbohydrates. In 
the relatively short space of about 100 years we have 
come to realize the need of specific vitamins, amount 
of calories, trace minerals and about 50 to 60 recognized 
nutritional factors. He also related how the development 
of new and different foods, new processing and new 
trends in food habits are affecting the food industry 
Today we find the need for special dietary foods for the 

schmauts tare from ie, g er tee 'e36 to. ek aged and the infant, enriched foods, prepared frozen 


ment, Oregon State. Dr. Emil M. Mrok, IFT president-elect (far heat-and-serve platters and prepared mixes. With these 


right) presents the placque that signifies the winning of the $4. 000 per ° . 
ror academic prize while Dr. H. W. Schultz, Head, Food T. innovations the lady of the house now spends on the 


Department and Professor J. S. Walton, Head, Chemical Engineering 
Department, OSC, look on with interest and approval. (Continued on page 12) 
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Periodic progress reports of 
interest and value to 


the packing field 


New Savorlock cans for hygroscopic products 
combine long shelf life and positive reseal 


Intended to spur impulse sales of instant coffee and other “hard- 
to-hold” products, Continental’s newly announced Savorlock Papmnin® Cus teiiee msost has 
a shopper an average of 4 seconds to choose 


cans are believed to be the first of their category to be made on an item from a grocery shelf. New Savorlock cans, 
hi h-speed lines for maximum economy. in 2 and 6-oz. capacity, are specifically 
5 y designed for today’s impulse buying. 


Eye appeal is provided by brilliant lithography, plus 
unusual package proportions, established on the recommenda- 
tion of a well-known industrial designing firm. The two sizes : \_ 

— 204 x 315 and 305 x 507 —are pleasing in appearance, while SS avorlock 
getting as many units as possible into each running foot of shelf 
space. Additionally, the lightweight cans stack securely. 


q “ar 


Intensive store evaluations show no appreciable moisture 
pickup four months after stocking. After tamper-proof glassine 
inner seal is broken, the lock top gives a positive reseal in day- 
to-day home use. 





wew! 
CONTINENTAL” 


PERTINENT DATA ON THE NEW SSavorlock CANS 


The full opening and positive resealing features recom- 

mend Savorlock for almost any powdered or granulated Ke. ; 

product, food or non-food. Evaluations have been con- oom lock 
fined to instant coffee as being one of the most hygro- 

scopic of food products now marketed. Other products 

for which tests can be arranged include: 


Soluble tea and tea bags Peanut butter 
Chocolate and cocoa Pharmaceuticals 
Non-fat dry milk Laundry starch, bleach 


aes teen Also instant gravy mix, bouil- 
Prepared chocolate mix lon cubes, powdered egg 
Baking powder and soda whites, dry coconut, prepared 
Spices dips for fried foods, bread 

crumbs, hard candy, cookies, 
Vegetable flakes dessert powders, dry rice, 
Brown and confectionery sugar _ instant potatoes, etc. 








CONTINENTAL E CAN COMPANY 


Eastern Division: 100 E. 42nd St., New York 17 
Central Division: 135 So. La Salle St., Chicago 3 
Pacific Division: Russ Building, San Francisco 4 
Canadian Division: 5595 Pare St., Montreal, Que. 
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(Continued from page 10) 
average 1% hours in the kitchen preparing food as 
compared to 5% hours only thirty years ago. 

In the future, he reported that we can look for more 
efficient streamlined processes, preservation of more 
foods with antibiotics, radiation sterilization, more 
rapid curing of meat, more frozen baked products and 
a great deal more automation. 

In conclusion Mr. Garnatz stated that much has been 
accomplished in food technology but stressed the need 
for this information to be disseminated to the public. 
He suggested that the IFT undertake a program to 
inform the layman of the influence that Food Tech- 
nology, as a profession, has had on the many advances 
made in the vast food industry. 

Featured speaker of the November meeting of the 
Section was Mr. George Garnatz who spoke on the 
subject: “New Trends in Food and Effects On Our 
Eating Habits.” 

In a non-technical style the advances made to date 
in the processing of foods were reviewed. Included 
were developments in the preparation of bread, pre- 
packaged meat, accelerated aging of beef and accelerated 
curing of ham and bacon. The effects of progress in 
mechanical refrigeration and transportation on the qual- 
ity of fresh produce were covered as well as improve- 
ments in canned foods. Developments in the field of 
frozen foods were inventoried and also those of fats and 
oils and prepared mixes. 

In addition, he spoke on current trends in research 
on foods, for example, aseptic canning and cold sterili- 
zation. Their implications for the future were con- 
sidered. 

Mr. Garnatz is director of the Kroger Food Founda- 
tion in Cincinnati, and active in many national tech- 
nical societies. As President of the Institute of Food 
Technologists, Mr. Garnatz also brought us up to date 
on the affairs of the society. 

At the December meeting Dr. David W. Anderson, 
Director of Research of the Prescription Product Divi- 
sion of the Borden Co., spoke to us on the subject of: 
“Allergic Foods of Interest to the Food Technologists.” 
In view of the surprisingly vast numbers of people 
allergic to one or more foods this topic was of great 
interest to the food technologists as well as the guests. 


AUSTRALIA NORTHERN... 


On October 24th, the Section inspected the Sydney 
works of Australian Glass Manufacturers’ Company 
Pty. Ltd. The members who attended were impressed 
by the large scale of operations and by the extent to 
which automatic machines were used. This inspection 
was the forerunner of a number of similar events or- 
ganised by the Section. 

On November 30th a visit was made to the country 
Cannery of Gordon Edgell & Sons Ltd. at Bathurst, 
N.S.W. In the new year inspections will be made of 
Tooheys Brewery and of the Homebush Laboratories 
of the Division of Food Preservation, Commonwealth 
Scientific and Industrial Research Organisation. 
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On the weekend of February 2nd-4th, a visit will be 
made to the Snowy Mountains to see the progress on 
the Hydro-Electric Scheme which is expected to boost 
food production in New South Wales and Victoria. 


The 31st official meeting of the Section was held on 
November 13, 1956, at the Royal York Apartments 
Dining Room. The Executive Committee appointed a 
Constitution Committee to have the local section in 
corporated. Dr. B. R. Suri, Chairman of Publicity 
Committee, gave the report on the publicity program 
He suggested that each member regularly attending the 
meetings should bring another member who is not in 
the habit of attending the meetings and should also con 
tact members of the food industry to arouse interest in 
our section. 

Mr. William A. Scarlett of Minneapolis-Honeywell 
Regulator Co., Inc. was the guest speaker. His topic 
was “The Role of Instrumentation in the Food Indus- 
try.” Mr. Scarlett discussed many of the quality aspects 
of food which can be recorded and controlled in instru- 
mentation. They included texture, consistency, color 
and clarity, specific gravity, and refractive index. All 
of these aspects of quality can be recorded and the in 
formation can even be teletyped to a central location 
many miles away. Mr. Scarlett gave us an interesting 
prediction. Instruments will eventually be able to 
record changes in flavor, in his opinion, and nuclear 
emissions will be used for analysis of butterfat in milk 


PERSONNEL 


An honorary degree of Doctor of Science has been 
awarded to Morris C. Matt, chief chemist, Abbots 
Dairies, Philadelphia, by the Philadelphia College of 
Pharmacy and Science for outstanding accomplishments 
in the field of dairy science. 





FUTURE MEETINGS FOR FOOD TECHNOLOGISTS 


1957 
January 21-24 Annual Winter Meeting of the National Maca- 
roni Manufacturers Association, Flamingo 


Hotel, Miami Beach, Florida 


February 12-14 Technical School for Pickle Manufacturers, 
Kellogg Center, Michigan State University, 
East Lansing, Michigan 

February 15-17 Institute of American Poultry Industries 28th 
Fact Finding Conference, Municipal Audi 
torium, Kansas City, Missouri 

February 26-27 Fifth Annual National Dairy Conference, 

Kellogg Center, Michigan State University, 

East Lansing, Michigan 

Annual Meeting of the Research and Develop 

ment Associates, Food and Container Institute, 

Inc., Jefferson Hotel, Richmond, Virginia 


Institute of Food Technologists, Seventeenth 

Annual Meeting, Pittsburgh, Pa. 

An open invitation is extended to readers of FOOD TECHNOLOGY 
South 


April 23-25 


May 12-16, '57 





“Labeled 
ior, 
quality” 


,-» the FLORASYNTH tabel is your 
primary asswrance of TRUE 
FRUIT FLAVORS thot will start 
your finished products on the 
salesway to success... 





LABORATORIES, INC.- 


' 


EXECUTIVE OFFICES: 900 VAN NEST AVE., (BOX 12) NEW YORK 62, N.Y. - CHICAGO 6 + LOS ANGELES 21 


Cincinnati 2 » Detroit » Dallas « Memphis « New Orleans 12 + St. Louis 2 + San Francisco + San Bernardino 
Florasynth Labs. (Canada 1.td.) « Montreal, Toronto, Vancouver, Winnipeg « Agts. & Dist. in Mexico: COMSOLMEX S.A. Mexico 11, D.F. 
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THE GENERAL FOODS FUND FELLOWSHIPS 


The three General Foods Fund, Inc., Fellowships, 
established to promote outstanding scholarship, are 
awarded to United States or Canadian citizens, engaged 
in senior undergraduate or graduate work in recog- 
nized educational or research institutions in the United 
States of America or Canada, in basic or applied chemis- 
try, chemical engineering or related sciences, which 
may involve new physical or other procedures, directed 
to extending or improving knowledge in some phase of 
food conservation, food production or food processing, 
rather than primarily for research in the fields of nu- 
trition, bacteriology or analytical chemistry. 

Selection is based on the candidate’s scholastic record 
at an institution of recognized standing and an approved 
plan of research in Food Technology. Acceptance by 
the Graduate School of the institution in which the 
applicant proposes to hold the Fellowship is also re- 
quired. 

Each Award ($4000) is for the full calendar year. 
Brief written reports (in duplicate) on progress may 
be required. A final detailed report, which may be in 
the form of a thesis or published paper, will be required 
(in duplicate) from each fellow. 

How to apply. Apply in letter form, giving the cus- 
tomary essential personal and academic information. 
Include: name, nationality, sex, age, marital status; 
physician’s statement with respect to the general health 
and physical condition; educational and experience 
background, college or university scholarship record; 
noteworthy accemplishments in research; purpose in 
applying for Fellowship Award. 

Three letters of recommendation shall be forwarded 
separately to the Office of the Secretary of the Institute 
by Deans, Heads of Departments and/or Professors, 
who have supervised work of the applicants. These 
letters should present essential facts regarding the 
scholarship or record transcript thereof, character and 
personality, ability to cooperate and capacity for work 
and achievement of the applicants. Required also is a 
statemtent by the Head of the Department where the 
work will be done, endorsing the applicant and accept- 
ing for the school the responsibility connected with the 
acceptance of the Fellowship Award. 

Mail your application and supporting papers prior to 
February 1, 1957 to: 


Executive Secretary 

Institute of Food Technologists 
176 West Adams Street 
Chicago 3, Illinois. 


GERBER BABY FOODS SCHOLARSHIPS 


Awarp: Six (6) undergraduate scholarships at 
$1,000.00 each, per year. The scholarships shall be for 
one school year of nine months. The student shall re- 
ceive $100.00 per month for nine (9) months and the 
additional $100.00 shall be payable to the student at his 
own election any time during the school year. The 
awards are intended to cover the last two school years 
leading to a Bachelor’s Degree in Food Technology, 
Food Engineering or Food Science. The awards shall 
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be made to deserving and outstanding United States or 
Canadian citizens of at least second year standing in 
recognized educational institutions in the United States 
or Canada. Not more than two of these scholarships 
may be held in the same school at the same time, except 
under unusual circumstances. 

The curriculum of the Department wherein the schol- 
arship is to be held must be approved by the Donor. 
These scholarships will be-continued for the second year 
only upon satisfactory performance by the student and 
recommendation of the Department head wherein the 
scholarship is held. 

Applicants to qualify must have completed (1) two 
full years of college mathematics, (2) two full years of 
chemistry, (3) one full year of physics, (4) one full 
year of biological sciences, (5) at least one year of the 
humanities. 

Candidates will be judged on over-all ability includ 
ing scholarship, personality, extra curricular activities, 
social adjustment, character, etc. 

Purpose: To encourage deserving and outstanding 
students to take undergraduate work leading to a 
Bachelor’s Degree in Food Technology, Food Engi 
neering or Food Science. 

AppLications: Applications shall be in the form of 
a letter from the applicant, giving the following per- 
sonal and academic information : 

—Name, nationality, age, sex, marital status, and 
a physician’s statement as to the general health 
and physical condition of applicant. 

—A transcript of all college or university work 
already completed. 

—A small photograph of the applicant. 

—A list of extra curricular activities. 


The Head of the Department wherein the student is 
to hold the scholarship must write a supporting letter 
direct to the Executive Secretary of the Institute of 
Food Technologists giving the following information 

A general appraisal of the applicant with particular 
reference to the detailed requirements listed above 
A statement that the student will be accepted in his 
Department. 


Applications should be mailed, prior to February 1, 
1957, to: Executive Secretary Institute of Food Tech 
nologists, 176 W. Adams St., Chicago 3, IIl. 


FLORASYNTH FELLOWSHIP 


The Florasynth Fellowship ($1000) granted an 
nually, was established to. honor and assist an outstand 
ing individual engaged in advancing food technology 
Candidates are nominated for this award by heads of 
college departments. Nominee must be a U. S. or 
Canadian citizen, under 35; a senior undergraduate, 
or one engaged in graduate work for an advanced de- 
gree, and enrolled in a recognized U. S. or Canadian 
institution conducting fundamental investigations for 
the adancement of food technology. 

The Award is for the academic year. Brief written 
interim reports may be required. A final report, which 

(Continued on page 16) 





D.O CONDIMENT 


\ SEASONING CHART 


For manufacturers supplying the vast ‘‘con- for an extensive and versatile coverage of 
diment'’ market, D&O has developed several the field. The chart below presents, briefly, 
specific lines of seasoning products. Each these basic properties. For more complete 
group possesses distinct qualities required by information, order copies of the brochures 
certain types of condiment products, making prepared especially for this purpose. 


PRODUCT D&O SEASONING RECOMMENDED PROPERTIES 





Spiceslale Seasonings 








PICKLES SPICEOLATE 
AND SPISORESIN Water-soluble, spice flavors made from 
RELISHES SPISORAMA pure natural oils ond oleoresins. 


Completely pure. 














S, (2440 1C4in Seasoning 4 








SALAD SPICEOLATE a a 

il-soluble seasonings made from spe- 

DRESSINGS SPISORAMA cial extractions of natural spices. 
SPECIALTY #M1902 Completely pure. 





SONGIMG Seasonings 














SAUCES 
AND SPICEOLATE Dry-soluble seasonings made from pure 


PISORAMA oils and oleoresins, prepared on a dry 
CATSUP . 


carrier for easy dispersability. 








SALAD DRESSING BROCHURE 


J Lf SPICEOLATE BROCHURE 
Ae { SPISORESIN-SPISORAMA BROCHURE 
on request 











OUR 158th YEAR OF SERVICE 


DODGE & OLCOTT, INC. 


180 Varick Street, New York 14, N. Y. 


Sales Offices in Principal Cities 


ESSENTIAL OILS * AROMATIC CHEMICALS « PERFUME BASES + FLAVOR BASES * DRY SOLUBLE SEASONINGS 
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(Continued from page 14) 

can be in the form of a thesis or publication, is required. 
Awardees are selected by the Institute of Food Tech- 
nologists Committee on Awards. Selection is based on 
outstanding qualities of character and personality, 
demonstrated scientific or engineering ability in the 
field of food technology, and a better than average 
scholastic record. 

Procedure for applying. Nomination for this fellow- 
ship is made to the office of the Secretary of the Insti- 
tute, in behalf of the proposed candidate, by the Head 
of the Department who supervises the undergraduate or 
graduate work of the candidate. Nomination must be 
in letter form, giving the customary essential personal 
and academic information with respect to the candidate. 
Fdueational and experience background, college or uni- 
versity scholarship record in transcript, noteworthy 
accomplishments in research, and reasons for pro- 
posing the candidate for the fellowship should be 
included. 

Nominations must be received by the Executive 
Secretary, Institute of Food Technologists, 176 West 
Adams Street, Chicago 3, Illinois, prior to February 1, 
1957. 


-—— 
i 


THE SAMUEL CATE PRESCOTT FELLOWSHIP 
FOR THE ACADEMIC YEAR 1957-58 

The Refrigeration Research Foundation, Inc. an- 

nounces that the Fellowship Award honoring Dr. 








Where Do Food Technologists Go and 
How Much Do They Make?" 


Thunz HAVE BEEN TRAINED technical men in and 
associated with the food industry for many decades now. 
The gradual transition of many branches of the food 
industry from an art to a science has further accelerated 
the entry of such people into the industry. In the early 
stages of this transition there were none specifically 
trained for the food industry and the industry took men 
where they could find them and proceeded to adapt 
them to the problems at hand. 

In actuality, this transition rather traveled in cycles 

as a quick chronological perusal of the literature 
readily shows. The early period was the Bacteriological 
Age and studies in the food field were heavily oriented 
in this direction, both at home and abroad. There was 
a good reason for this. The bacteriological problem 
was a serious one because human lives were at stake. 
After intense activity in this area the Chemical Age 
was ushered in, and attempts were and are still being 





* Presented at the Sixteenth Annual Meeting of the Institute 
of Food Technologists, St. Louis, Missouri, June 12, 1956. 
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Samuel Cate Prescott, Emeritus Dean of Science, 
M.1.T., and the Foundation’s Chairman of the Board is 
open for applications. As previously announced, the 
Fellowship carries with it a stipend of $2500 to be used 
for the academic expenses of “a graduate student in the 
U.S.A. or Canada in the field of food refrigeration o1 
food technology, with special reference to the applica 
tion of refrigeration to foods.” In order to qualify the 
applicant must be a senior undergraduate with better 
than an average scholastic record or a graduate with a 


B.Se. or equivalent, preferably with honors, from an 
institution of good standing. 

Applicants should (1) prepare their applications in 
letter form giving name, nationality, sex, age, marital 


status, physician’s statement of health, college scholar 
ship record, noteworthy academic accomplishments, and 
job experience and (2) request a letter of recommenda 
tion from three faculty members who have supervised 
the scholastic or research work of the applicant and a 
statement by the Head of the Department where the 
applicant will do his work endorsing the applicant and 
accepting for the school the responsibility connected 
with the acceptance of the Award. 


Address applications to: 


Mr. H. C, Drexnt 

Secretary and Director 

The Refrigeration Research Foundation 
12 North Meade Avenue 

Colorado Springs, Colorado 


Roy E. Morse 
Department of Food Technology, Rut 
gers University, New Brunswick, New 
Jersey 


made to understand the stuff of which foodstuffs are 
made. There naturally followed the application of the 
basic laws of chemistry to control and modify these 
changes, which, if left to run their course, would work 
to the nutritional and aesthetic detriment of mankind 
We are now, once again, in a transitional period. We 
are slipping from the Chemical Age into the Engineer- 
ing Age. The food industry has been ever conscious of 
the handling of foodstuffs but has not always acted 
upon the knowledge gained. Meat packers suspended 
hogs from a conveyor chain to supply Henry Ford with 
an idea for revolutionizing the automotive industry 
With the entry of the Engineering Age, came a notable 
advance in production methods—the reengineering of 
processing with the chemical and bacteriological aspects 
fully considered. It quickly became evident that there 
was need now for a person with training in several fields 
—engineering, chemistry, bacteriology—or, at least, one 
sufficiently cognizant of these fields to direct a group 
composed of personnel skilled in those specialisms 
(Continued on page 18) 








New and improved techni FIRMENICH INCORPORATED 


employed by Firmenich, 
FIRMEN I‘ 
freely, are dust free, and give y¢ he st 


CHI 
FOR YOUR PRODUCTS flavoring your products 


NEW LIFT...LONGER LIFE 


NAEF 


quality flavoring will impr 


WITH FIRMENICH products. . . extend their sh 


| 
package uniformity that « 


POWDERED FLAVORS 


ples of Firmenich Powdered | 


tion on their practical application, on request 
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(Continued from page 16) 
The emergence of the Institute of Food Technologists 
in the late 30's and early 40's served as a rallying point 
for many “half-light” per- 
sons, who were a “coat-tail” 
fringe in the various estab- 
lished technical societies. 
The phenomenal growth of 
the Institute and the un- 
believable proportion of its 
members who attend and 
actively participate in na- 
tional meetings attest to the 
need and want of such an 
organization. 
With this founding group 
a neat little circle began to 
Dean Samuel C. Prescott be described. The Institute 
generated interest in attracted University atten- 


food technology training and . ‘ ¢ te ¢ 1 
ia IPT os & professional tion, and from a handful of 


group. schools teaching Food Tech- 


nology in the early Institute 
days the number grew until there are now at least 30 
universities offering courses in the subject. We stand 
on another threshold, that of formalizing and bringing 
some semblance of order into current training pro- 
cedures. There is keen interest in this subject, and the 
next few years should bring cautious but firm steps 
along this path. 

Taking stock. It will be worthwhile at this juncture 
to stop and take stock of our field. Published literature 
directly related to the Food Technologist is difficult to 
come by, and so the data presented below has been 
culled from several publications (1, 2, 3, 4). During 
the Institute Council Meeting (June, 1956) it was 
voted that, in view of the dearth of information avail- 
able, a survey would be made of the Institute to obtain 
the facts. You will be able in the near future to con- 
tribute to this survey. I shall touch only lightly on the 
subject of where Food Technologists go (the first part 
of my discussion) and let the survey, which should be 
more precise than any in- 
formation available to date, 
furnish the answer. 

Technically trained men 
can be found in every nook 
and cranny of the food in- 
dustry and in all of its 
phases. (Growing, harvest- 
ing, processing, distribution, 
nutrition and, most cer- 
tainly, consumption—all are 
represented. The branches 
of the food industry in 
which technical men are : 

IFT President, 1956-1957, 
George Garnatz . . . heads 
; ; z $ organization that brings to- 
ducing industries but also gether food specialists of 
the suppliers of ingredients, many fields. 
of equipment, and of serv- 

Consultants and disseminators of technical infor- 


productively at work in- 
clude not only the food pro- 


ices. 
mation are to be counted in the long list, but let us 
leave the breakdown to the Institute survey. 
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INDUSTRY PHILOSOPHY 

What kind of an industry is the food industry for 
the technical man? The answer to this questton must 
be a limited one but it is the best available to us in the 
literature at the moment. First, it should be realized 
that the food industry is a huge operation, in fact the 
largest in the nation in terms of annual sales dollars. In 
1955 the sales volume of the industry was 67.5 billior 
dollars! This compares with the automotive industry 
at 17 billion, a poor second place. Keep these figures 1 
mind in noting food research expenditures given below 

Table 1 is taken from the Harvard Business School 


Survey (3). It shows that of the 4800 firms surveyed 


TABLE 1° 


Industries ranked by percentage of respondents maintaining 
research organizations: 1952 


All firms 


Percentage of 
respondents 
with research 
organizations 


Industry 


Industrial chemicals 68.4% 


Other professional, scientific, and controlling 
61.3 


37.0 


instruments 
Other transportation equipment 


Food and kindred products except beverages 26.1 
Lumber and wood products 7.8 


* “Spending for Industrial Research, 1951-1952." Page 22. Table x 


* The industry with the highest percentage in cach column is assigned 
the rank of 1; the mext highest the rank of 2; and so on. In those 
where more than one industry had the same percentage, the series 
numbers is shown for each industry. 


only 26.1% of the food companies responding main 
tained research organizations. By way of comparison, 
industrial chemicals stands first with research labora 
tories in 68.4% of the organizations responding. Last 
come firms dealing in lumber and wood products, which 
showed only 7.8% supporting research laboratories 
[his industry ranks 3lst of those surveyed. The food 
industry ranked 23rd. 

Table 2, from the same survey (3), shows the median 
figures for research expenditures as a percentage of the 


TABLE 2’ 


Total cost of research done within the company as a 
percentage of sales: 1951 





Industry 


Food and kindred products 
Drugs 

Leather 

Laboratory instruments 
All firms 


Spending for Industrial Research, 1951-1952." Page 
Iil-1 


sales dollar. The leather industry was lowest at 0.2% 
of sales dollar. The highest was the laboratory instru 
ment business with one dollar in ten being returned to 
the business in the form of research investment. The 
average of all industries was 2.0% of the sales dollar 
The food industry again shows up at the lower levels, 
with only 0.3% of the sales dollar spent on researc! 
Table 3 from the Harvard Survey (3) reveals the 
cost per professional technical person. Ilere, contrat 
to the trend shown above, the food industry spends 
slightly above the average to keep the technical man at 


(Continued on page 28 following technical papers ) 











THE Sealva STORY OF 
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Some years ago, van Ameringen-Haebler, Inc. developed and intro. 
SEALVA Flavors, the first truly hermetically “sealed-in” high quali 
flavors. This new technique in flavor-making was immediately reco; 


and enthusiastically accepted by the food industry. 


Since those early days, coniinuing improvements in sealing agent 
drying techniques plus the basic superiority in the quality of the natu 
imitation flavors themselves, have combined to maintain SEALVA’s 


as the ultimate in fully protected quality flavors. 


What can SEALVA do for your product? 


The adoption of SEALVA Flavors makes possible the use of ab 


top quality flavor in dry mixes, because the finest of flavors are ful! 
tected in their powdered form against the ravages of deterioration 


by evaporation, oxidation, extended shelf-life, and they are practica! 
pervious to chemical reaction with other ingredients in a mix or comp: 


Where can SEALVA Flavors be used to adveintoge? 
SEALVA Flavors are ideal in any relatively dry, powdered, g: 


or flaked mixture to insure inert flavor retention in such products a: 


mixes, gelatin desserts, cereals, drink powders, pudding mixes, dairy : 
ice cream mixes, candies (pressed wafer), pharmaceuticals, proprie’ 
oil emulsions, etr. 


For better flavor we ask you to investigate SEALVA Flavors befo: 


make your fina! decision on this most important ingredient. 


We are prepared to give you suggestions as to the methods of r« 
evaluating “‘sealed-in” flavors for your particular product and also wi 
happy to assist with technical recommendations for the applicati: 


SEALVA Flavors to improve your product. Literature and adequat: 
ples are available. 


521 WEST S7th STREE 
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ANALYTICAL METHODS 


A method for rapid analysis of very 
small gas samples. 

Lewis, H. E., anv Lippotp, O. C. J. 
(Univ. Coll., London). J. Sci. Instr., 33 
(7), 254-6 (1956). 

An app. is described for the analysis of 
small samples of gas (0.1-0.001 ml.). A 
small bubble of the sample is injected into 
H.O in a chamber formed by two hori- 
zontal parallel plates. This bubble as- 
sumes the shape of a disk, which can be 
measured, since the vol. is then propor- 
tional to its cross-sectional area. Con- 
venient methods of optical measurement 
and recording are described. Analysis is 
made by the introduction into the cham- 
ber of suitable absorbents. Reference is 
made to some of the uses of this app. 


A summary of methods for the detection 
of foreign fats in dairy products. 

Buarerao, V. R. AnD KUMMEROW, 
F. A. (Univ. of Illinois, Urbana). J. 
Dairy Sci., 39, 956-64 (1956). 

Tests or series of tests are discussed 
based on butyric acid, urea fractionation 
of butterfat, unsaponifiable matter, un- 
satd. fatty acids, iso-valeric acid content, 
hydroxamic color test, addn. of indicator 
substances to hydrogenated fats or studies 
of the glyceride compn. of butterfat. De- 
terminations based on compn. of the un- 
saponifiable fraction or mixed fatty acid 
compn. are unreliable. However, butter- 
fat has a characteristic glyceride structure 
not as yet duplicated by a fat other than 
butter fat. 


Isolation and identification of nitroge- 
nous components in meat. 

ALeExANper, J. C., AND Ex.venyem, C. 
A. (Univ. of Wisconsin, Madison). J. 
Agr. Food Chem., 4, 708-11 (1956). 

Ion exchange and paper chcromatogra- 
phy procedures were used to identify the 
nitrogenous components in meat. A new 
system for gradient elution was employed 
to elute the amino acids from the column. 
Approximately 100% of the N contained 
in meat has been accounted for by 21 
amino acids, NHs,, and other nitrogenous 
constituents such as vitamins, purines, 
creatine, carnitine and methylguanidine. 


BIOLOGICAL SCIENCES 
BIOCHEMISTRY 


Crystalline xylanase. 

INAOKA, M., AND Sopa, H. (Faculty of 
\griculture, Ehime Univ., Japan). Na- 
ture, 178, 202-3 (1956). 

The cryst. enzyme catalyzes the hy- 
drolysis of xylan to xylobiose, xylotriose 
and higher xylose-contg. oligosaccharides, 
but not to p-xylose. Crystallization was 
attained by ( NH,)2SO,, and acetone pptn. 
of the culture medium of a Bacillus sp. 
grown on a simple nutrient medium plus 
xylan. 


Studies on the nitrogen metabolism of 
the ensilage process. 

Kemace, A. R. (The King’s Buildings, 
Univ. of Edinburgh, Engl.). /. Sci. Food 
Agr., 7 (2), 125-30 (1956). 

Both good and bad silages were studied. 
In the good silage the amts. of free amino- 
acids present were, in varying degrees, 
less than those calcd. from the extent of 
protein breakdown which had occurred. 
In the bad silage, a considerable excess of 
alanine above that which could have been 
formed by uniform proteolysis was 
present during the first three weeks of the 
fermentation, and, after, eight weeks, 
e-aminobutyric acid began to appear. 


MICROBIOLOGY 
Studies on the physiological activities of 
terramycin-resistant and terramycin- 
susceptible cultures of cheese-ripen- 
ing strains of Streptococcus lactis. 

Ancetotti, R. (Ohio State Univ., Co- 
lumbus). Dissertation Abstr., 15 (11), 
1973 (1955). 

Antibiotics in milk have an inhibitory 
effect upon the growth and acid produc- 
tion of dairy starter organisms, and milk 
contg. these substances is unfit for fer- 
mentative purposes. A process by which 
this problem may be eliminated is the de- 
velopment of antibiotic-resistant starters. 
The development of these resistant starters 
was shown to be feasible. 


Salmonellosis. The role of food process- 
ing plants in the dissemination of 
Salmonella. 

Harpy, A. V., Gatton, M. M. (Publ. 
Health Service, Atlanta, Georgia). Am. 
J. Trop. Med. and Hyg., 4 (4), 725-30 
(1955); Biol. Abstr., 30 (9), No. 26714 
(1956). 

The role of com. food processing in 
distribution of Salmonella is obvious in 
the case of dehydrated eggs. Poultry as it 
is processed is heavily exposed to Sal- 
monella contamination. Infections derived 
from insufficiently or improperly cooked 
fowl may be the result of this contami- 
nation rather than the spread of infection 
among living birds. ‘Salmonella was found 
with unexpected frequency in pork 
products purchased on the open market. 
There was ample evidence that this was 
the combined result of rapid spread of 
infection among hogs a few hrs. or days 
before slaughter and wide dissemination of 
Salmonella within abattoirs. In the latter, 
the dehairing machine played an important 
role but elsewhere in abattoirs Salmonella 
could be cultured with surprising ease. 
Even a part of the infection of pets may 
be presumed due to feeding of com. prepd. 
dog food contg. Salmonella. 


NUTRITION 
The effect of intermittent consumption 
of calcium in rats. 
Liv, C. H., Asuton, G. C., ann Cart- 
ron, D. V. (lowa Agricultural Expt. 


Sta.. Ames). J. Nutr., 59 (2), 267-71 
(1956). 

Four groups of 6 weanling rats each 
were fed equal amts. of a basal ration and 
supplementary Ca over a period of 6 wks. 
The basal ration contained 0.02% of Ca 
and 0.45% of P. Supplementary Ca was 
furnished in the form of carbonate and it 
was given to one group daily and to the 
other three groups at intervals of 2, 4 or 
6 days. The intermittent feeding of equal 
amts. of CaCO; did not affect the gain in 
body wt. appreciably. The femurs of the 
rats which received a daily allowance of 
supplementary Ca had the greatest air-dry 
wt., ash wt., and total Ca and P content. 
The av. percentages of P in the femur ash 
bore no relation to the length of the inter 
val of Ca feeding. 


Response of rats to urea and related sub- 
stances. The use of a spaced feeding 
technique. 

Finitayson, J. S.. AND BAUMANN, C. 
A. (Univ. of Wisconsin, Madison). / 
Nutr., 59 (2), 211-21 (1956). 

Spaced feeding, the practice of feeding 
rats for only two hrs. per day, was found 
to increase the growth-depressing action 
of several nitrogenous compds. Spaced 
feeding increased the toxicity of L-leucine, 
diammonium citrate, (NH.)COs and 2,4 
dinitrotoluene. Growth depressions by the 
NH,-salts varied directly with blood urea 
This regimen lessened the toxicity of J’- 
methy1l-4-dimethyl-aminoazobenzene and 
EtOH but had little effect on relative 
growth rates when biotin, vitamin B.. and 
folic acid were omitted from the diet or 
when glycine or antibiotics were added 
The procedure shows promise in measur 
ing the biol. value of small amts. of pro 
tein. 


Flavor and aroma of birds fed purified 
and standard diets. 

Lewis, R. W., Sanrorp, P. E., Eri 
son, A. T., Harrison, D. L., ann CLEc«, 
R. E. (Prairie View A & M Coll., Prairie 
View, Texas). Poultry Sci., 35 (2), 251-3 
(1956). 

Taste panel evaluation of the light and 
dark meat showed that the flavor of the 
birds fed a standard diet was preferred to 
that of the birds fed a purified diet 


A relationship between protein level and 
energy level in chick rations. 

Sunor, M. L. (Univ. of Wisconsin, 
Madison). Poultry Sci., 35 (2), 350-4 
(1956). 

Twenty and 28% protein diets were 
used. Each of these diets was supple 
mented with 0, 5, and 10% white grease 
Energy levels of 655, 730, 771, 806, 845, 
and 932 productive cal. per lb. were used. 
The results showed that a high protein 
low energy diet causes a reduction in the 
growth rate and a reduced efficiency of 
feed utilization. Raising the energy level 


(Continued on page 22) 





FRODEX has many wonderful properties, such as building 
food solids where desired, improving texture, flavor, color, 
stabilizing moisture and extending shelf life. FRODEX is 
widely used in luncheon meats, food mixes, frozen foods, ice 
cream, baked goods, catsup and soup mixes, to mention a 
few. You too can find benefits from this versatile product in 
one of its many forms. 

Our researck department, with its wide experience in 
working with FRODEX in all types of food products, is 
available to assist you without obligation. For your con- 
venience, we will send on request a handy sample testing kit 
containing FRODEX 24 malto-dextrin, regular (powdered) 
FRODEX corn syrup solids and granular FRODEX corn 
syrup solids. Simply fill in the attached coupon and mail 
today. 


AMERICAN MAIZE-PRODUCTS COMPANY 


Please send free sample FRODEX kit. 
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Test Your Know-how 


How many uses for 


Sta-Sol* 
Lecithin Concentrate 
can you name? 


Here are just a few applications 
for dozens of products. 


Whether as an emulsifier, antioxi- 
dant, penetrant, or wetting agent 
Staley’s Sta-Sol Lecithin concentrate 
has already proved its versatility in 
dozens of applications in a variety of 
products. And new uses are continu- 
ously being uncovered. A look at the 
partial listing below will give an idea 
of Sta-Sol’s wide utility range. 


Leather Processing — penetrating 
and softening agent. 
Paints — retards settling and harden- 
ing of pigments— prevents ‘‘flooding”’ 
and streaking. 
Pharmaceuticals — antioxidant for 
Vitamin A. 
Bakery Goods —emulsifier—anti- 
oxidant—softens texture—reduces 
stickiness of doughs—prolongs shelf 
life—improves fat distribution. 
Candy & Chocolate Coatings 
—reduces viscosity, increases coat- 
ing capacity, less stickiness, retains 
moisture, lowers surface tension, im- 
roves texture and appearance. 
printing Iinks—reduces grindin 
time, promotes better wetting onl 
dispersion of pigments. 
Creams — increases wetting 
power of lather, makes beard softer, 
gives smoother more ‘‘painless’’ 


ve. 
Skin Lotions, Cosmetics, Beauty 
Soaps — softens and soothes skin, 
reduces irritation, increases cleansing 
wer, stabilizes and improves lather. 
ravies-Sauces— prevents fat 
separation. 
Peanut Butter — antioxidant 
—stabilizes flavor. 


Can you add other uses to this list? 
New product applications for Sta-Sol 
are being added all the time. Can 
you think of other uses? Perhaps 
your products should be added to 
this list. If you’re in need of a more 
efficient, more economical emulsifier 
antioxidant, penetrant or wettin 

agent — get all the facts about Sta-Sol. 
See your Staley representative or 
write today for complete informa- 
tion. Learn how Sta-Sol can help you 


improve the quality 
Fant 


of your products. 


A. E. Staley Mfg. Co. 
Decatur, Illinois 
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of this diet by the addn. of fat increased 
the wt. of the chicks at both four wks. 
and ten wks. and improved the feed 
utilization. 


Food intake and utilization of lysine de- 
ficient protein by the chick in rela- 
tion to the digestible energy concen- 
tration of the diet. 

Wittiams, M. A., anp Grav, C. H. 
(Univ. of California, Berkeley). J. Nutr., 
59 (2), 243-54 (1956). 

Semipurified diets contg. 15% sesame 
protein and varivus levels of lysine were 
fed ad libitum to two-wk. old chicks for 
a period of 18 days. The substitution of 
12% or more of cellu flour (wood-pulp 
cellulose) for an equal wt. of glucose re- 
sulted in improved growth with all of the 
diets deficient in lysine. The improved 
growth was most readily attributed to 
the increased feed and lysine intake in re- 
sponse to the decrease in the digestible 
energy concn. of the diets caused by the 
substitution of cellu flour for glucose. 


Feather meal in chick nutrition. 

Lume, R. J., Sizemore, J. R., Ann 
Denten, C. A. (U.S.D.A., Beltsville, 
Md.). Poultry Sci., 35 (2), 316-18 
(1956). 

Studies were undertaken to evaluate the 
nutritional significance of feather meal in 
broiler diets. Using New Hampshire 
broilers fed an all-vegetable protein diet 
amply fortified with all known required 
nutrients, including an antibiotic, arseni- 
cal, methionine and folic acid, feather meal 
was found to replace fish meal in eliciting 
a growth response. This growth stimula- 
tion could not be attributed to the pro- 
tein of feather meal, but possibly to the 
presence of an unidentified growth factor. 


Degossypolized cottonseed meal as a sub- 
stitute for soybean oil meal in a tur- 
key growing mash. 

West, J. W. (Mississippi Agricultural 
Expt. Sta., State Coll.). Poultry Sci., 35 
(2), 304-7 (1956). 

Degossypolized solvent cottonseed meal 
was used to replace 0, 20, 40, 60, 80 and 
100% of the soybean oil meal in a prac- 
tical-type turkey growing mash during 
the period from 8 to 28 wks. When the 
turkeys were ready for market, it was 
evident that degossypolized cottonseed 
meal could be used to replace all of the 
soybean oil meal both in the turkey start- 
ting ration and in the turkey growing- 
finishing mash without adverse effect 
upon growth, feed efficiency, uniformity 
and livability. Combinations of degossy- 
polized cottonseed meal and soybean oil 
meal improved growth of the poults 
slightly but rather consistently over that 
obtained by either meal fed singly. 


PHYSIOLOGY AND MEDICINE 


Increased intestinal absorption of glucose 
in three forms of obesity in the 
mouse. 

Mayer, J., anp YANNonI, C. Z. (Har- 
vard Sch. of Public Health, Boston, 
Mass.). Am. J. Physiol., 185 (1), 49-53 
(1956). 

In three types of obesity in the mouse, 
obese-hyperglycemic syndrome, gold-thio- 


glucose obesity and hypothalamic obesity, 
there is observed an increase in intestinal 
absorption of glucose when the dose of 
glucose administered is sufficient. This 
phenomenon appears to be an adaptative 
result of prolonged hyperphagia. 


The interrelationship between cerebral 
and coronary atherosclerosis. 

Younc, W., Gorman, J. W., MaLamup, 
N., Simon, A., AND Waters, E. S. G 
(Univ. California, Berkeley). Geriatrics, 
11, 413-18 (1956). 

Quantitative measurement reveals that 
the degree of atherosclerosis of the 
coronary arteries is positively correlated 
with the degree of atherosclerosis of the 
major supply arteries to the brain. This 
interrelationship suggests that some meta- 
bolic factor, such as lipoprotein level is 
important for brain atherosclerosis as 
well as for coronary atherosclerosis 


Cholesterol vehicle in experimental ath- 
erosclerosis. II. Influence of unsat- 
uration. 

KritcuHevsky, D., Moyer, A. W., 
Tesar, W. C., McCanouess, R. F. J., 
Locan, J. B., Brown, R. A., Ano Enc- 
tert, M. E. (Am. Cyanamid Co., Pearl 
River, N. Y.). Am. J. Physiol., 185 (2), 
279-80 (1956). 

Short-term expts. showed that the 
severity of atheromata in cholesterol-fed 
rabbits appears to vary inversely with 
the I no. of the fat used as vehicle for 
the sterol. The serum cholesterol! levels 
increase with increasing I no. and the 
serum lipoprotein levels vary, depending 
on the class of lipoproteins being studied 


Folic acid and vitamin Bw in medical 
practice. 

Unciaus, W. G., ANnp GoLpsMITH, 
G. A. (Tulane Univ. Sch. of Med., New 
Orleans, La.). J. Am. Med. Assoc., 161 
(7), 623-7 (1956). 

Paper prepd. at the request of the Am 
Med. Assoc. Council on Foods and Nutri 
tion, reviews the nature and metabolic 
functions of. folic acid and vitamin Bw 
Indications are that the use of the latter 
vitamin is of value in the treatment of 
pernicious anemia but that the use of 
folic acid should be avoided. 


Metabolic effects of fat emulsions ad- 
ministereé. intravenously to human 
subjects. 

Bentiey, W. B. A., ano VAN ITALLIE, 
T. B. (1039 Chase Parkway, Waterbury, 
Conn.). J. Lab. Clin. Med., 48, 184-93 
(1956). 

Studies on the metabolic effect of 15% 
fat emulsions, administered intravenously 
to four healthy volunteer subjects main- 
tained on const. diets inadequate in cals 
and adequate in protein are described. 
The negative N and K balances produced 
by caloric privation were significantly 
decreased when intravenous fat emulsions 
providing approx. 1,200 to 1,400 cals. per 
day were administered as caloric supple- 
ments. The K balances responded more 
dramatically to intravenous fat adminis- 
tration than did the N balances. These 
studies constitute further evidence that 
suitably prepd. intravenous fat emulsions 
administered to human subjects are 
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For fresh-from-the-field FLAVOR! 
GIVAUDAN IMITATION STRAWBERRY 


Nothing compares with the flavor 
of fresh wild strawberries. And 
nothing has duplicated that flavor 
as closely as Givaudan’s Imitation 
Strawberry! 

It is economical—highly concen- 
trated yet easy to use on a con- 


trolled level. And it’s stable—ideal 
for use in milk-containing products 
as well as in confections, summer 
drink powders and other prepara- 
tions. Available in liquid or crystal 
form. May we send you samples 
and more complete information? 


: Sans ie 
IMITATION 


| STRAWBERRY 


330 West 42nd Street 
New York 36, N. Y. 
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Quality Retention in Baby Foods 
By High Temperature-Short 
Time Methods’ 


received June 13, 1956 


RECOGNIZED that the flavor and 
commercially packed products 
reducing the severity of the 


(One means 


I, 
appearance 
improved by 
required thermal sterilization 
whereby such a reduction can be achieved, with favor 
able results, is through the use of agitating retorts which 
produce more-rapid rates of heat transfer than could 
be still Another, and still more 
beneficial ‘means, is the various “high tempera- 
"methods (HT-ST). 


GENERALLY 


IS 
of many 
could be 


pr‘ cess. 


obtained in retorts. 


use of 
ture-short -time’ 
the HT-ST canning methods developed in 
Martin Aseptic Canning System 
invented by Dr. W. McK. Martin (4) and the Smith 
Ball Pressure Canning Process developed by Drs. H. L. 
Smith, Ir. and C. ©. Ball (5). Martin 

inolves the sterilization of liquid or semi-solid products 


Tw o ot 


recent years are the 


The process 
at high temperatures in a tubular heat exchanger, fol 
lowed filling under aseptic conditions into pre- 
sterilized containers. In the Smith-Ball the 
product is also sterilized at temperatures more elevated 
Filling and 


by 
pr cess, 


than those used in conventional retorting 
sealing operations are not aseptic, but are carried out in 
a chamber with an internal pressure of approximately 
15 Ibs. Under these conditions, the product, preheated 
in a heat exchereer, can be filled into cans or jars at 
temperatures conparable to those used in retorting 
Containers and lids are steam sterilized prior to their 
arrival at the filling station 
Through the efforts of the Glass Container Manu- 
facturers Institute and with the collaboration of various 
other groups, a study was initiated in 1952 to explore 
the possibility of applying HT-ST methods to the 
processing of strained baby foods. Data presented in 
| on experimental packs of baby 
foods, processed by the Martin Aseptic Sy stem or the 
Smith-Ball and submitted to this laboratory 


for storage and examination. 


this paper were obtaine: 


pre CESS, 


EXPERIMENTAL 


and processing of baby food samples. 
Canning System: Samples were packed by the 
Redwood City, California, in 
Nut Packing Co., the Gerber 
anners Association, and the Glass 
Filling and sterilization of 
plant Marti: 
Control 


Preparation, 
Vartin Asept 
James Dole Engineering Co., 
collaboration with the Beech 
Products Co., the National ( 
Manufacturers Institute. 
were carried out using a pilot 
glass containers. 


Container 
HT-ST sample: 
Aseptic Canning System tor 
ples prepared from the sanic product lots were packed with con- 
ventional commercial or pilot plant canning squipment. Standard 
5-oz. baby food jars and closures were used in all cases. 


sam- 


* Contribution No. 1050 Massachusetts Agricultural Experi- 
ment Station. Presented at the 16th Annual Meeting of IFT at 
St. Louis, June 11, 1956 

" Present Address: Hazel-Atlas Co., Washington, Pa. 

* Present Address 

“Present Address 
Wooster, Ohio. 


Cambridge, Mass 
Experiment 


( ryovat Co., 


Ohio Agricultural Station, 


Processed 


I 


trol samples were pac! 
portion 


I 


by passage 


pared at the Gerber Product ». Fremor 


G. E. Livingston, W. B. Esselen, 

E. Feliciotti,” D. E. Westcott,* 

and M. P. Baldauf * 
Department of Food Technology, Uni- 
versity of Massachusetts, Amherst, 
Massachusetts 


Products were pre- 
nt, Michigan, and con- 
wi mmercial equipment. A 
yf each product wa ced cold in gallon jugs to the 

Archbold, Ohio, for packing 

products were sterilized 
heat exchanger, and 
jars at 247°-250° F. 
time of filling was 
Immediately after 
were sea i vacuum hand capper 
pressure of 2-6 Il Upon sealing, the jars were 
ast 5 minutes, allowing 

end of this period, 
170°-180° F. 
70°-80° F. 


Press 


Smith-Ball 


La( hoy Food Products 
the Smith-Ball Proc 
throug! 
led into steam-steriliz 5-oz. baby food 
119°-121.1° C.). Temperatt yf jars at th 
approximately } 1.] 
pping, jars 
ith a steam 
nverted and held t 
he hot product t the 
were droppe 
-82.2° ( " 


water at 


woled 


rs 
to 
26.7° { 

inte { th packs a immarized in Table 1. 


’rocessing d: 


TABLE 1 
Summary of processing data for samples analyzed 


Conventional 
process 


Time Temp. 
(min. ) (°F.) 


252 
240 
252 
240 
240 
245 
245 
240 


35 
50 
35 
50 
45 
50 
45 
60 


Not all of the following 
all of the sample lots, 
indicated by the data 


Laboratory evaluation of samples. 
carried out 


i wi 


ised V 


tests and analyses wer 
but the 
summarized in Tables 


re so 


methods cited 


1. Physical measurem 


was measured using an F.LR.A. gauge, which 


in headspace 


a. Vacuum 
compensates variations 

volume.* 

at 40° F. (4.5°C.) 

with a No. 6 

10 of 


I | 1s iy WwW 
Brook fie 


Measu 


as 
r.p.m 
after 


using a 
spindle. * seconds 
rotation 

measurements were mad oth the pureed samples 
traction of the pigments) 
measurements were 


Photovolt Model 610 
Spectrophotometer * 


Color 
decolorized 

of the samy Kefiectane 
one mstrumerits 4 
Meter Beckman DI 
with a reflection hment an American 
yhotometer ' equipped with 
standards used were: Mun- 


and 

tissue 
made using 
Reflection 
equipped 

Optical Rapid Scanning 
a reflection attachment. Color 
sell paper standards and a calibrated white enamel plate 
for the Photovolt instr National Bureau of 
Standards calibrated Vitrolite glass plate for the Beckman 
white gl standard for the American 
>pectr photomete j ne following filters and 
with the Photovolt 


and 
i 


attac 


opectroy 


ume! a 
and a ASS 
Optical 
Munsell paper standards were used 
Made by Budenberg Gauge Co., Lid., Broadheath, Eng. 
* Made by the Bri Engineering Laboratories, Stough- 
Mass 
* Photovolt Corp., 95 Max 
" Beckman Instruments Inc 
American Optical ( In 


ton. 
New York, N. Y. 
asadena Calif. 

Div., Buffalo, N. Y. 


Ave 


, South P 


1ison 


strument 





FOOD TECHNOLOGY, 


Reflection Meter: beets—red, 5 R 5/10; carrots—tri- 
amber, 5 Y 8/9, green beans and spinach—trigreen, 7.5 
Y 5/6 and peas-—trigreen, 5 Y 8/8. 


2. Chemical determinations 

. pH was measured with a Beckman" model G pH meter. 

. Ascorbic acid was determined colorimetrically by the 
method of Loeffler and Ponting (3). 

>. Carotene was determined by the official A.O.A.C. (1) 
method. 
Thiamine was determined by the official A.O.A.C. (1) 
method. 


Organoleptic evaluation 

Triangular difference-preference tests were employed using 
subdued illumination to preclude the possibility of distin- 
guishing between samples on a visual basis. Taste panel 
members were selected from the staff of the Food Technology 
Department of this University. Tests were carried out in 
duplicate and recorded as valid only when reproducible results 
were obtained. 


RESULTS AND DISCUSSION 


The products studied were: 


Smith-Ball process 


Martin process 


carrots 
spinach 


beets spinach 

carrots chicken soup 

green beans vegetable and beef 

peas vegetable and bacon 
vegetable and lamb 


Varieties of vegetables used were generally unknown, 
except in the case of the carrots packed by the Martin 
process, where Red Core Chantenay and Emperator 
varieties were used. Unfortunately, samples of all 
products handled by the Martin process were not 
shipped directly to Amherst upon packing, so that in 
several instances no data on the initial differences in 
physical and chemical properties of the products could 
be obtained. 

For this reason, as well as for the sake of brevity, 
only the most pertinent data on all products are pre- 
sented in a summary form in Tables 2 through 4. 

Effect of HT-ST sterilization on physical charac- 
teristics. It appears obvious that of the physical char- 
acteristics measured in this study, color was the only 
one significantly affected by the difference in processing 
treatment. Color differences between samples processed 
by the HT-ST methods and those conventionally han- 
dled were quite obvious in most instances. Strained 
peas comprised the only product in which the level of 
visual difference was almost marginal. In the case of 
all the other vegetable products, however, the HT-ST 
processed samples possessed a brighter, more appealing 
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color, which was, to a large extent, retained in storage 
As shown in Table 2, the brighter color resulted mostly, 
as might be expected, in higher levels of diffuse re- 
flectance. This, however, did not hold true for beets, 
green beans, and spinach—whose natural color is gen 
erally made lighter in the course of conventional retort- 
ing. The color of the HT-ST processed samples of these 
products was therefore darker than that of the controls 
and more nearly like the color of the freshly cooked 
vegetables. 

The remarkable effect of HT-ST processing on the 
color retention of strained vegetables is further illus 
tated by the storage data in Table 2 as well as Figures 
1 through 7. In the case of the strained carrots from the 
Smith-Ball pack, Figure 5, it is readily seen that even 
after 3 years of storage, a significant color difference 
exists between the HT-ST processed and the conven 
tional samples. Spectrophotometric data on these sam 
ples, Figure 1, reveals that HT-ST processed samples 
actually underwent partial bleaching in storage, while 
the control sample underwent a reduction in reflectance 
(darkening), in the yellow-orange region of the spe 
trum. The net result is even a greater color difference 
between HT-ST processed carrots and controls after 3 
years’ storage than immediately after canning. Perhaps 
a clue to the cause of this phenomenon is offered by 
tissue reflectance measurements made. It has been 
previously reported (5) that the color change accom 
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Figure 1. Spectral Reflectance of Strained Carrots Packed 
by Smith-Ball Process and Control Samples Conventionally Re- 
torted. (1—HT-ST after 3 years’ storage; 2—HT-ST before 
storage; 3—Control, before storage; 4—Control after 3 years’ 
storage.) 


TABLE 2 
Changes in the reflectance of strained vegetables stored for 9-10 months 


Product 


Beets 

Carrots (Chantenay ) 
Carrots (Emperator) 
Carrots (Smith-Ball) 
Green Beans 

Peas 

Spinach (Martin) 
Spinach (Smith-Ball) 


HT-ST process 


68°-80° F. | 95°-100° F. 


Reflectance (%) 


Conventional process 
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panying nonenzymatic storage discoloration of pureed 
green beans is due, at least in part, to the darkening of 
the plant tissue itself, rather than to any darkening in 
the soluble fraction or pigment degradation. Though 
not previously reported, similar observations were made 
by Brody (2) on a wide variety of fruit and vegetable 
products whose plant tissue could be freed from pig- 
ments by simple solvent extraction. It was noted in the 
present study that the tissue from the HT-ST processed 


4 


Smith-Ball carrots was appreciably lighter (C. I. E 
Y = 34.5%) than that isolated from the control 
(Y = 25.0%) immediately upon storage. When simi- 
lar measurements were carried out on samples stored 
for 3 years at room temperature, the reflectance of the 
HT-ST tissue was 18% as compared to 9.5% for the 
tissue from control samples. (It is pertinent to note 
that all tissue reflectance measurements were carried out 
on acetone-moistened tissue, not on the dried tissue 
shown in Figure 8). 

Color changes affecting strained spinach from the 
Smith-Ball experiment over a 3-year storage period 
? 


were less pronounced (Figure 6). Figure 2 shows 
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Figure 2. Spectral Reflectance of Strained Spinach by 
Smith-Ball Process and Control Samples Conventionally Re- 
torted. (1—HT-ST after 3 years’ storage; 2—Control, after 
3 years’ storage; 3—Control, before storage; 4—HT-ST before 
storage.) 


little change in reflectance of the spinach samples in the 
green region of the spectrum. Both the HT-ST and the 
control purees, however, showed increased reflectance 
in the orange-red region storage. 

Strained beets and peas from a more recent experi- 
mental pack processed by the Martin system are shown 
with their controls in Figure 7. Spectral reflectance 
curves for these samples appear in Figures 3 and 4. 

Effect of HT-ST sterilization on chemical charac- 
teristics. The depression in pH which accompanies 
conventional canning treatments is a matter of general 
knowledge. It is therefore interesting that HT-ST 
sterilized products retained a higher pH than retorted 
controls. For example, Smith-Ball processed carrots 
and spinach showed initial pH values of 5.81 and 5.88, 
respectively, whereas the retorted carrots and spinach 
purees showed pH values of 5.29 and 5.48. Similar 
differences were found to apply to the other vegetable 


Figure 3. Spectral Reflectance of Strained Beets Packed by 
the Martin Process and Conventionally Retorted Control Sam- 
ples, Stored for 9 Months at 70°-80° F. (Upper curve; control 
sample; lower curve; HT-ST samples.) 


Figure 4. Spectral Reflectance of Strained Peas Packed by 
the Martin Process and Conventionally Retorted Control Sam- 
ples, Stored for 9 Months at 70°-80° F. (Upper curve; control 
sample; lower curve; HT-ST sample.) 


products examined. Further pH decreases were found 
to be associated with increasing storage temperatures 
as well as length of storage. After 12 months’ storage 
the pH of the Smith-Ball carrots and spinach samples 
had declined to 4.98 and 5.28, respectively, as com- 
pared to 5.03 and 5.24 for the conventional controls. 


hus, notwithstanding the initial differences associated 


with processing treatment, pH levels of HT-ST and 
control samples tended to reach similar values upon 
storage. 

Ascorbic acid and carotene determinations carried 
out on carrot samples from the Martin and Smith-Ball 
packs showed no significant differences associated with 
processing treatment ( Table 3). Apparent discrepancies 
in data on both carotene and ascorbic acid content! are 
probably attributable to experimental errors. 

Thiamine on the other hand, being a heat-labile vita- 
min, was found to be markedly affected by the differ- 
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ences in thermal treatments imparted by the HT-ST 
and conventional methods. Table 3, which summarizes 
data obtained on 9 products, clearly indicates the signifi- 
cantly greater thiamine retention in HT-ST processed 
samples over controls. In all instances, an appreciably 
greater thiamine content was also retained by the 
HT-ST samples in storage, even over periods of 9-10 
months at 95°-100° F. 

No significant differences attributable to processing 
were found in vacuum and viscosity measurements. 

Effect of HT-ST sterilization on organoleptic char- 
acteristics. It appeared reasonable to expect that the 
striking color differences generally existing between 
HT-ST and conventional samples constituted but one 


Figure 5. Strained Carrots Packed by the Smith-Ball Process and 
Conventionally Retorted Controls Showing the Effect of One Year's 


Storage. 


Figure 7. Strained Beets and Peas Packed by the 
Martin Process and Conventionally Retorted Controls 
Showing the Effect of One Year’s Storage at 70°- 
80° F. 


of the organoleptic properties of the products which 
were affected by the mode of processing. However, 
triangular difference-preference tests using a small 
panel of judges (6-12 members) appeared to indicate 
(a) that differences in odor and taste were definitely 
marginal and (b) among judges able to correctly select 
the odd sample in two trials, preference was divided 
for most products. There was no indication that stor- 
age materially increased flavor differences between 
samples or greatly affected preference pattern. De- 
scriptive comments of some of the judges on samples 
under examination frequently included the terms “raw” 
or “fresh,” particularly in reference to HT-ST treated 
samples of strained beets, peas, and green beans. 


Figure 6. Strained Carrots and Spinach Packed by 
the Smith-Ball Process and Conventionally Retorted 
Controls Showing the Effect of Three Years’ Storage 
at 70°-80° F. 


Figure 8. Pigment-Free Tissue Isolated from Strained Carrots 
Showing - Effect of Thermal Processing and Storage for Three Years 
at 70°-80° F. 
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TABLE 3 
Ascorbic acid, carotene and thiamine content of strained vegetables and soups stored 6-10 months 


Months 


Product 
storage 


Before 


storage 
Ascorbic 


Beets 

Carrots (Chantenay) 
Carrots (Emperator) 
Carrots (Smith-Ball) 
Green Beans 

Peas 

Spinach ( Martin) 
Spinach (Smith-Ball) 


Carotene (mg 


9.2 
10.0 
10.4 


Carrots (Chantenay) 
Carrots (Emperator) 
Carrots (Smith-Ball) 


Thiamine ( 


Beets 6.0 


Carrots (Chantenay) 25.5 
Carrots (Emperator) 16.4 
Carrots (Smith-Ball) 15.0 
Green Beans 69.4 
Peas 

Spinach (Martin) 

Spinach (Smith-Ball) 

Chicken Soup 

Vegetable and Beef 

Vegetable and Bacon 

Vegetable and Lamb 


HT-ST 


ventional 


After storage at 


After storage at 


80° F. 95°-100° F ees 80° F. 95°-100° F. 


Acid (mg. % 
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TABLE 4 


Result of triangular differences-preference taste 


Difference test 


Before storage 
Products Months 
storage 
Wrong 


(%) 


Right 


(%) 


Beets' 

Carrots (Chantenay ) 
Carrots (Emperator) 
Carrots (Smith-Ball) 
Carrots (Smith-Ball) 
Green Beans 
Peas...... 

Spinach (Martin) 
Spinach (Smith-Ball) 
Spinach (Smith-Ball) 


1 Obvious difference in consistency. 


SUMMARY AND CONCLUSIONS 


Samples of strained foods processed by the Martin 
Aseptic Process and by the Smith-Ball method were 
examined after packing and storage and compared 
against conventionally retorted controls. Quality evalua- 
tion included measurement of vacuum, pH, viscosity 
and color, determination of vitamin B,, C, and carotene 


content, and triangular taste panel appraisal. In gen- 
eral, products processed by high-temperature-short time 
methods showed better color and thiamine retention, 
and initially higher pH values than control samples. 
Color and thiamine advantages were retained over ex- 
tended storage periods. Flavor differences were largely 
marginal for most products, although in some instances, 
HT-ST vegetable samples were described as having a 
“raw” or “fresh” taste. 
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Deterioration of Cooked 
Southern Oysters 


a, b,¢ 


(Manuscript received June 23, 1956) 


A LMOST ALL INVESTIGATIONS of oyster spoilage re- 
ported in the literature have been made with fresh or 
frozen raw oysters in which the spoilage is of a fermen- 
tative type, characterized by a sour odor, or putrefactive 
in nature. Baldwin, Puncochar, and Pottinger (1) 
measured the changes in pH, water soluble nitrogen, 
alcohol soluble nitrogen, and total titratable acids dur- 
ing storage of raw eastern oysters. From the standpoint 
of ease, rapidity, and reliability of results, pH values 
seemed to them to be the most promising of these 
measurements as an indicator of oyster freshness. They 
described oysters at a pH of 6.2 to 5.9 as being in good 
condition, at pH 5.8 in an “off” condition, at pH 5.7 to 
5.5 in musty condition, and at pH 5.2 and below as sour 
or putrid. Similar findings were reported by Hunter 
and Linden (14), Piskur (79), and Pottinger (20, 27), 
all of whom used changes in pH and organoleptic ratings 
as the criteria for judging the quality of raw oysters. 

Apparently, acids are formed from the breakdown of 
glycogen known to be distributed throughout the oys- 
ters. This breakdown is presumed to be due to bacterial 
action and/or glycolytic enzymes within the oyster 
tissue. In a basic study of glycolysis in the oyster ad- 
ductor muscle, Humphry (1/2, 13) demonstrated a rela- 
tively slow production of lactic and pyruvic acids in 
tissue homogenates. Glycolytic activity in the oyster 
muscle proceeds at a much slower rate than in mam- 
malian muscle, where all available glycogen is converted 
into lactic acid within a few hours under anaerobic con- 
ditions which develop within the tissues following 
slaughter. Apparently, no investigation has been made 
of glycolytic systems in other oyster tissue, although 
Hatanaka (10) found that most of the glycogen is in the 
soft tissues. 

Investigations by the Food and Drug Administration 
(8) showed that decomposition in canned oysters is of 
a putrefactive type. They found no indole in the canned 
product prepared from raw material known to be fresh. 
As the amount of decomposed material present in the 
canned product increased, indole appeared in increasing 
amounts. Substantial amounts of volatile acids, in- 
cluding propionic, were found in sound oysters and in 
somewhat greater degree in decomposed oysters. 

The present trend in food marketing is in the direc- 
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tion of more highly processed ready-to-eat products. It 
seemed worth while, therefore, to investigate the possi- 
bilities of prepared oyster products, especially since 
oysters are considered an excellent source of some nu- 
trients and prepared products might aid in increasing 
their consumption. Before such products can be de- 
veloped, however, the rate and type of spoilage which 
occurs in cooked oysters must be determined, and an 
effective means of preventing or retarding such spoil- 
age must be established. 

Since cooking would be expected to destroy enzymes 
and bacteria, one would expect the spoilage of cooked 
oysters to differ from that of uncooked. If cooked 
oysters were subsequently preserved from bacterial 
spoilage as by freezing or irradiation, one might expect 
changes in flavor and odor associated with unsaturated 
fat oxidation as observed in shrimp (7). A progressive 
toughening might also be expected from protein de 
naturation and coagulation (5), accompanied by shrink 
age and water loss (syneresis). During preliminary 
tests it was discovered that oysters not only lose con 
siderable weight during cooking, but that they continue 
to exude fluid during subsequent storage at 41° F 
(5° C.). Since this continuous exudation of fluid would 
present a definite problem in some types of prepared 
oyster products, this study included an investigation of 
the amount of fluid exuded during cooking by different 
methods and during subsequent storage at two different 
temperatures. 


EXPERIMENTAL 


Raw material. All oysters used in this study were of the 
species Ostrea virginica, tonged from Cat Point Reef in the 
Gulf of Mexico. Some were tonged directly and others wer« 
purchased either in the shell or freshly shucked from a com- 
mercial packing house in Apalachicola, Florida. 

Oysters tonged directly were packed in ice immediately and 
transported to the laboratory in about 3 hours. They were some 
times shucked upon arrival and sometimes kept on ice over night 
and shucked the following morning. They were dry shucked 
into their own shucking liquor and immeditely washed by sus 
pending in tap water for approximately 30 seconds after the 
shucking liquor was discarded. Shell oysters obtained from the 
packing house had been tonged the day before being transported 
to the laboratory. They were not iced from the time of tonging 
until their arrival at the laboratory. They were immediately 
shucked and washed in the manner described above. After 
washing, the initial pH was measured and the oysters were 
packed in pint metal friction-top cans and stored at 41° F. 
(5° C.) until time of use. 

Commercially shucked oysters were shucked into buckets of 
water at the packing house on the morning after tonging, turned 
out onto skimmers, sprayed with fresh water, and drained for 
5 minutes before packaging in metal friction-top cans. After 
packaging, the oysters were packed in ice and transported to the 
laboratory in about 2 hours. Upon arrival, all of the oysters of 
each lot were mixed together in a large container and replaced 
in the cans so that the distribution of oysters in each can would 
be representative of the whole lot. The initial pH was then 
measured and the oysters stored at 41° F. (5° C.) until time 
of use. 
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Methods. All pH measurements were made with a Beckman 
model H2 pH meter, using the slurry of a 35-40 g. sample of 
oysters (3-4 oysters) which were blended in a Waring blender 
for about 2 minutes. Odor was rated organoleptically by one 
person, except on the occasion when a panel of judges was 
recruited to rate several products. All draining of oysters was 
done in a perforated aluminum frying basket and was timed at 
2 minutes. 

Qualitative tests for enzymes. In order that the cooked 
product could be duplicated and oysters compared from one 
experiment to another, an objective means was needed for 
determining the degree to which oysters had been cooked. Since 
it seemed that inactivation of an enzyme would be a good 
criterion and would require only a stimple test, preliminary 
qualitative tests for the enzymes catalase, peroxidase, and phenol 
oxidase were performed on various parts of the raw oyster in 
order to establish such a simple test for enzyme inactivation on 
heating. Neither peroxidase nor phenol oxidase were present in 
sufficient amounts to form the basis for such a test. However, 
all oyster tissues tested as well as oyster liquor gave very strong 
catalase tests, the addition of both 3% and 30% hydrogen 
peroxide resulting in a rapid and vigorous evolution of gas. 
Apparently, this enzyme in oysters is not inactivated by the 
addition of very strong hydrogen peroxide as it is in many other 
animal and vegetable tissues. 

Heat inactivation of catalase. Preliminary tests to deter- 
mine the optimum temperature and time required to inactivate 
the enzyme catalase were carried out on several lots of oysters. 
The raw oysters were drained, weighed, placed in an aluminum 
frying basket, and immersed in boiling distilled water. At the 
time of immersion, the temperature of the oysters was about 
46-50° F. (8-10° C.), and this caused the temperature of the 
cooking water to drop considerably. When it returned to the 
desired temperature, it was held in a given range for various 
lengths of time. The oysters were then removed from the cook 
ing water, drained, and several of the oysters chopped and tested 
for catalase activity with 3% hydrogen peroxide. 

It was found that when a third of a pint of oysters was cooked 
in 1'4 quarts of water, the minimum time required for complete 
inactivation of catalase was 1% minutes at 194-203° F. (90- 
95°C.) and 3 minutes at 176-185° F. (80-85°C.). When 2 
pints of oysters were cooked in 3 quarts of water, the tempera- 
ture rose to 194° F. (90-95° C.) in about 2% minutes, and % 
minute at 194-203° F. (90-95° C.) was sufficient for complete 
inactivation of catalase. Oysters cooked in half-pint lots in a 
double boiler arrangement (glass beaker immersed in boiling 
water), with stirring, required 3-5 minutes to reach 158° F. 
(70° C.) and 1 to 2 minutes at 158-176° F. (70-80° C.) for com- 
plete inactivation of catalase. As would be expected, the time 
required for the inactivation of the enzyme varies with the siz« 
of the oysters, the relative weight of oysters to liquid and the 
degree of heat applied. It is necessary to run the test with 
each new set of conditions. 

It should be pointed out that the complete inactivation of 
catalase by heat does not necessarily indicate that all other 


enzymes have been completely inactivated at that point, In fact, 
the inactivation of catalase, which is used as a criterion of 
blanching adequacy for vegetables, has been found, in most 
vegetables, to occur sooner than it does with peroxidase and 
2, 15, 18 It is probable that the 


situation is the same in oysters 


other oxidizing enzymes 


RESULTS OF EXPERIMENTS ON COOKED OYSTERS 


Effect of enzyme inactivation on spoilage pattern. 
Cooked oysters in which catalase had been completely 
inactivated were stored in glass beakers covered with 
aluminum foil and in metal friction-top cans at 41° F. 
(5° C.j, and changes in odor and pH were followed. 
Oysters which had been cooked, but not long enough to 
completely inactivate the enzyme, were stored under 
identical conditions, as were also uncooked oysters 

Within 4 to 6 days after cooking, a “rancid fish” odor 
began to develop in the refrigerated oysters in which 
the enzyme had been completely inactivated. This odor 
became rapidly more pronounced during the next few 
days, with a slight increase in pH, followed by ultimate 
putrefaction. On the other hand, refrigerated oysters 
which had been cooked, but not long enough to com- 
pletely inactivate the enzyme, developed a slightly sour 
odor before final putrefaction occurred. The sour odor 
in this case was not accompanied by a marked fall in 
pH as it was in the uncooked oysters. These results, 
presented in Table 1, indicate that the spoilage taking 
place in cooked oysters in which the enzyme has been 
completely inactivated follows a different pattern from 
that of raw oysters and of oysters in which the enzyme 
catalase has been only partially inactivated. 

Addition of antioxidants to cooking water. It was 
assumed that the spoilage observed in the cooked oys- 
ters was probably of an oxidative type involving un- 
saturated fat oxidation. However, it was not possible 
to establish this assumption by direct analysis of the fat 
since the small amount of fat could not be readily ex- 
tracted except by continuous extraction of the dried 
oysters with hot solvents. This treatment is unsuitable 
since it may bring about further oxidation of the fat as 
well as decomposition of fat peroxides (24). It was 
necessary, therefore, to approach the problem indirectly 
by determining whether or not the spoilage symptoms 
could be inhibited by fat antioxidants 

Several primary fat antioxidants have been used with 


TABLE 1 
Changes in odor and pH of heated oysters stored at 5 


Month of Time held at 90-95° C. Catalase = Odor when spoiled 
year (min.) test Initial 4th day 9th day 
February strong 6.42 5.95 5.8 sour 
l slight 6.42 6.41 slightly sour 
1Y neg. 42 ¢ 6 rancid fish odor 
2 neg. 5.42 $-¢ rancid fish odor 


strong 40 sour 
strong sour 
slight d é slightly sour 
rancid fish odor 


February 


uncooked 
1 


1% 
2 neg. 


uncooked strong sour 


heating discontd. at 90° C. slight 12 3 2 ¢ 7 sour 
yy neg. 3 rancid fish odor 


October 


November uncooked strong _ sour 
heating discontd. at 85° C slight } . 2 ) slightly sour 
heating discontd. at 90° C. neg. é rancid fish odor 
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success in preventing or retarding rancidity in various 
fats and foods with a high fat content. Among these 
are butylated hydroxyanisole (BHA) and nordihy- 
droguaiaretic acid (NDGA), phenolic compounds 
which have been reported as effective antioxidants for 
lard and other animal fats (4, 16, 17). Oxidative 
changes in frozen shrimp have also been inhibited by 
BHA (7). For many years natural smoke has been 
known to contain antioxidants which retard rancidity 
in fish, meats, or poultry subjected to the smoking 
process. Recently it has been discovered that several 
of the various commercial liquid smokes (prepared by 
collecting some of the volatile products of the thermal 
decomposition of wood) which are available for flavor- 
ing are also effective antioxidants in artificial aqueous 
lard systems, in frozen ground pork, in frozen shrimp, 
and in fish (6, 7, 25). 

Fresh oysters were cooked for 2 minutes at 194- 
203° F. (90-95° C.) in the manner previously described, 
proportions used being one pint of oysters (drained 
weight approximately 400 g.) to 1% quarts of water. 
Final concentrations of antioxidants in the cooking 
water were 0.01%, 0.03%, 0.05%, and 0.10% of a 
comercial liquid smoke * and 0.05%, 0.15%, 0.25% 
and 0.50% of a cormmercial mixture * containing 74% 
propylene glycol, 20% BHA, 4% anhydrous citric acid, 
and 2% NDGA. As controls, some oysters were cooked 
in their own liquor and some in distilled water without 
antioxidant. Some of the oysters with and without 
antioxidants were packed in pint metal friction-top cans 
and frozen, while others were packed in glass beakers 
with aluminum foil and stored at 41° F. 
(5° C.). At frequent intervals refrigerated oysters were 
examined for changes in odor and pH. Frozen sam- 
ples were examined at less frequent intervals for 


covered 


changes in odor only. 
Results of these tests with antioxidants are preses.ted 
2. When either antioxidant preparation was 


in Table 2. 
added to the cooking water in concentrations ranging 
from 0.01% to 0.50%, no “rancid fish” odor developed, 
and ultimate spoilage which occurred at about the end 
of two weeks at 41° F. (5° C.) was putrefactive. Oys- 
ters cooked with 0.05% liquid smoke or 0.25% Tennox 
N had developed no trace of an off odor after being in 
frozen storage at 5° F. (—15°C.) for as long as 8 


“Imitation Hickory Smoke Flavour 51.675/A, Firmenich 


Inc., New York 
* Tennox N, Eastman Kodak Company, Kingsport, Tennessee. 


months, while those cooked at the same time with no 
antioxidants and stored under identical conditions had 
developed a “rancid fish” odor within 4 months. 

Under the conditions employed in this study 
lower concentrations of both antioxidants were 
as effective in preventing the spoilage symptoms as were 
the higher. Whereas the BHA-NDGA mixture, which 
is almost odorless did not cover up the cooked oyster 
odor, the liquid smoke has a very strong characteristic 
odor of its own, and oysters cooked with smoke re 
tained this odor until the putrid odor began to develop 
The smoked oyster odor was not undesirable and there 
may be a market for new types of smoked oyster 
products. 

These results indicate that spoilage occurring in com 
pletely cooked oysters is of an oxidative type with a 
characteristic “rancid fish” odor which can be prevented 
by small concentrations of primary fat antioxidants in 
the cooking water. When oysters are cooked with anti- 
oxidants, the spoilage which ultimately takes place is 
of a putrefactive nature and does not occur within 2 
weeks at 41° F. (5° C.) or within at least 8 months at 
5° F. (—15° C.). 

The observations in Table 2 were made 
authors. To determine the acceptance of oysters frozen 
with and without antioxidants by a group of persons 
without knowledge of the treatment the different 
products had received, a panel of 16 persons, including 
the authors, was recruited to judge the odor of the 
cooked products. The panel was comprised of the staff 
members and graduate students in the Department of 
Food and Nutrition. Most of these persons had no 
specific experience with the identification or rating of 
the various off odors which develop in oysters, and it 
was therefore hoped that their judgments would be 
unbiased and more representative of the reaction of the 
general public. Those samples used were oysters which 
had been cooked with no antioxidant, with 0.05% liquid 
smoke, and with 0.25% BHA-NDGA mixture in the 
cooking water and frozen for 8 months, and a sample 
of fresh (unfrozen) oysters cooked with no antioxidant 
was also included. The frozen oysters had been thawed 
slowly in the refrigerator over night. All samples were 
at room temperature at the time of judging. The judges 
were not told what treatment the different samples had 
received. They were given a list of descriptive terms 
from which to choose one or a combination which best 
described the odor of each sample. If they thought that 
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TABLE 2 


Effect of antioxidants on cooked oysters stored at 5° C. 


Initial 
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Antioxidant used 


a ae 
| Catalase 
| test 


None, uncooked 

None, cooked in HO only 
0.1% smoke 

0.5% BHA-NDGA 

None, cooked in own liquor 


6.35 
6.20 
neg. 6.20 
neg. 6.30 
neg. 6.2 


strong 
neg 


strong } 
neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
neg. 


None, uncooked 

None, cooked in Hy»O only 
0.03% smoke... 

0.05% smoke 

0.10% smoke 

0.085% BHA-NDGA 
0.15% BHA-NDGA 
0.50% BHA-NDGA 
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pH 


| 6thday | 10th day 
5.95 | 5.85 
6.35 6.55 
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6.30 6.55 
5.66 


5.79 


a Odor when 
Sth day spoiled 


6.00 sour 
rancid fish odor 
putria 
putrid 


rancid fish odor 





sour 
rancid fish odor 

putrid 
putrid 
putrid 
putrid 
putrid 
putrid 


tw 


AAAAAH Aw 
— mt DD et et et ee DO 
wunoweonveo 








DETERIORATION OF COOKED SOUTHERN 


OYSTERS 


TABLE 3 
Odors detected in cooked oysters by a panel of sixteen judges 





| 
Description of oysters 
Stale 


ooked with 0.25% BHA-NDGA mixture 


and frozen for eight months 1 


ooked with HeO only and frozen for 
eight months 


‘resh sample cooked with H»O only 


ooked with 0.05% smoke and frozen 
for eight months 5 


none of these terms described the odor, they were told 
to use a description of their own. In addition to this 
they were asked to rate their acceptance of the odor of 
each sample on a scale from 1-10, with 10 representing 
the most acceptable. The results are summarized in 
Table 3. 

Rather surprisingly, more judges rated as fresh, the 
samples cooked with the antioxidants and frozen for 8 
months than gave this rating to the freshly cooked sam- 
ple from another lot of oysters. It is possible that the 
quality of the fresh sample was inferior to the original 
quality of the oysters which were frozen. The pre- 
dominant off odor in the frozen oysters was fishy, and 
those cooked without antioxidants showed a much 
higher percentage of off odor ratings than those with 
antioxidants. All but one of the judges were able to 
cletect the smoke odor. To determine the degree of 
association existing between the different odors and 
the treatment which the oysters had received, the Chi- 
square test was applied. The values obtained support 
the substantive hypothesis that there is a difference in 
odors which is associated with different treatments. 

The ratings of the judges’ acceptance of these odors 
are recorded in Table 4, and it can be seen that the indi- 
vidual acceptances of the odor of each sample were 
extremely varied. The mean of the ratings of each 
sample was computed, and it was found that the oysters 
which had been cooked with the BHA-NDGA mixture 
and frozen for 8 months received the highest mean 
rating of 6.75, with the smoke treated oysters only 
slightly less acceptable at a mean rating of 6.25. It was 
interesting that the freshly cooked oysters with no anti- 
oxidant and frozen for 8 months received the lowest 
mean rating of 4.69. The Chi-square test was also 
applied here to determine the degree of association 
existing between the treatment which the oysters had 


| Musty 


Number of judges ascribing each odor 


Smoky 


Sour Smoky Grassy r 
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Degrees of freedom P 


received and their acceptance. Because of the great 
spread in scores for any one sample, even the rather 
large differences in acceptance of the various treatments 
were not statistically significant. 

Fluid losses during and after cooking. It was ob- 
served that oysters not only shrink and lose consider- 
able weight during cooking, but that they continue to 
exude fluid during subsequent refrigerated storage. 
Because this would present a definite problem in some 
types of prepared oyster products, further study was 
made of the fluid losses both during and after cooking. 

Two methods of cooking were employed, one a double 
boiler method in which fresh oysters were drained, 
weighed, and placed in glass beakers, 4 pint or approxi- 
mately 150 g. of oysters in each of the beakers which 
were immersed in boiling water. When the temperature 
of the oysters reached 149-158° F. (65-70° C.), it was 
held within this range for stated times. The other 
method was that previously described in which the 
drained oysters were plunged into boiling water, the 
temperature of which dropped and was allowed to re- 
turn to 194-203° F. (90-95° C.) within which range 
it was held for stated times. Proportions used were one 
pint of drained oysters to 114 quarts of water. 

\fter cooking by either of these methods, the oysters 
were drained and w eighed to determine cooking losses, 
packed in glass beakers with aluminum foil covers, 
placed in the refrigerator at 41°F. (5°C.), and 
drained periodically to determine the amount of fluid 
which had been exuded. Some of the oysters were 
packed in pint metal friction-top cans and frozen at 
5° F. (—15° C.) for 5 days after cooking, then re- 
moved and placed in the refrigerator to thaw for about 
24 hours, after which the amount of fluid exuded was 
determined periodically. For with the 
cooked oysters, drained raw oysters were stored under 


comparison 


TABLE 4 
Acceptance of cooked oyster odors by a panel of sixteen judges rating the 


Description of oysters 


Cooked with 0.025 BHA-NDGA iaixture 
and frozen for eight months 


Cooked with Hz,O only and frozen for 
eight months 


odors on a scale from 1 to 10, with 10 representing the most acceptable 


Number of judges ascribing rating 


2 





Fresh samples cooked with HO only 


Standard 
error 


Standard 
deviation 


Mean 
rating 


66 





(Cooked with 0.05% smoke and frozen 
for eight months 1 1 





2 1 


17.30. 


x? —_ 


Degrees of freedom = 30. 





identical conditions and subsequent fluid exudation 
determined at the same intervals. 

The results of several cooking conditions on the fluid 
losses of oysters are summarized in Table 5. Fresh 
commercially shuck oysters were used in all of these 
experiments, and it was found that liquor comprised 
from 15% to 34% of the initial weight of the oysters 
as purchased. The percentage of weight lost during 
cooking, based on the drained weight of the oysters 
before cooking, increased as the cooking time was 
lengthened. At one given temperature and cooking 
time the loss was greater when the quantity of oysters 
cooked at one time was increased since a longer time 
was required to reach the temperature with a larger 
No consistent difference in fluid loss during 
and after cooking was observed between the two 
methods of cooking. For the most part, regardless of 
the cooking method, it appears that the larger the per- 
centage of the fluid cooked out of the oysters during the 
cooking period, the smaller is the total percentage of 
fluid which is exuded during subsequent storage at 
41° F. C.). Uncooked oysters also continued to 
exude fluid after repeated drainings, but the total loss 
was much less than that of cooked oysters. 

Cooked oysters which were frozen for 5 
thawing and storage in the refrigerator exuded more 
fluid after thawing than did the oysters which were 
placed in the refrigerator immediately after cooking 
However, there was no way to determine whether tins 
greater loss was due to the effect of freezing or to the 
fact that these samples had lost less during cooking than 
those samples which were not frozen. 

Effect of polyphosphates on fluid losses. It is 
known that the coagulation of denatured protein can 
be retarded by various substances which will form salt 
bridges with exposed groups on the denatured protein 
molecule (//). Alkaline phosphates have been recom- 
mended to prevent loss of juice and to promote tender- 
ness during cooking of hams (3) and as a soaking 
medium prior to the cooking of shrimp (9). It was 
thought that polyphosphates might be effective in re- 
ducing the fluid losses of oysters during and after 
cooking, and two such compounds were tested. 
were cooked in water for 3 minutes at 

(90-95° C.) in the manner described 


sample. 


(5 


days before 


Oysters 
194-203° F. 
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in the previous section on fluid losses. The cooking 
water contained either 0.15% sodium tripolyphosphate 
(Na,P,O,,) or 0.1% sodium “hexameta” phosphate 
(NaPo,),. Some of the oysters were stored at 41° F 
(5° C.) immediately after cooking, while others were 
frozen at 5° F. (—15° C.) and transferred to the re 
frigerator 5 days later. Oysters were drained and 
weighed periodically to determine the amount of exuded 
fluid. 

Neither of these two polyphosphates in the concen 
trations used had any effect on the fluid losses either 
during cooking or during subsequent storage. The total 
fluid losses of oysters with and without polyphosphates 
were not significantly different. It is possible that under 
the conditions of this experiment, there was insufficient 
penetration of the phosphates to affect the proteins 
during the heating period. 


DISCUSSION 

The foregoing experiments demonstrate that 
spoilage occurring in cooked oysters in which the 
enzyme catalase is completely inactivated is different 
from that observed in uncooked oysters. Furthermore, 
it has been shown that such spoilage in both refrigerated 
and frozen cooked oysters probably involves unsatu 
rated fat oxidation since the addition of any of several 
known primary fat antioxidants to the cooking water 
retarded this spoilage. Oysters which are cooked, but 
not long enough to completely inactivate catalase, de 
velop a sour odor as do uncooked oysters, but the sour 
odor is not accompanied by a marked fall in pH as it is 
in the uncooked oysters. One possible explanation of 
this is that the sour odor and the fall in pH which occur 
simultaneously in uncooked oysters may each be caused 
by separate and independent mechanisms rather than 
by the same or interdependent mechanisms. 

Since the fat could not be readily extracted from the 
oysters in order to measure its extent of oxidation by 
any standard procedure, organoleptic tests were the 
only means of judging the quality of the cooked oysters 
as reflected by possible changes in the fat during prepa 
ration and storage. Organoleptic tests are subjective 
and their usefulness is limited by the individual's sense 
acuity, physiological condition, preferences, and moods, 
as well as by environmental and atmospheric conditions 
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Fluid losses of oysters during and 


Methol 
of 
cooking 


Qualitative 
catalase | 
activity 


Time and 


Month 
temperature 


Uncooked 
double boiler 
double boiler 
double boiler 
Uncooked 
Uncooked ' 


. at 65-70 
. at 65-70° 
. at 65-70° 


September 


at 90-95° C. 
at 90-95° C. 
min. at 65-70° C 
. 3 min. at 65-70° C. 
to 90° C. 
% min. at 90-95° C. 
to 70° C. 
? min. at 70-80° C. 


5 min. 
: min. 


in water 
im water 
double boiler 
double boiler 
in water 

im water 

double boiler 
double boiler 


October 


' Frozen for five days at 


Drained | | 
weight of 
oysters 


before 


cooking 
| (gms.) 


143 
139 
148 
139 
319 
331 
663 
653 
734 
712 
683 
630 
305 
337 


after cooking 


Total weight 
Weight lost lost during 
during total cooking and 
storage subsequent 
period storage at 
(%) °C 
(%) 


Weight lost | 
after 1 day 
at 5° C. 


(%) 


Weight lost 
during 
cooking 
(%) 


Total days 
stored at 





9.9 
17.8 
21.6 
32.3 
10.3 
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at the time of sampling. Many attempts have been made 
to use chemical and other objective tests to measure the 
changes associated with spoilage and the development 
of odoriferous products, thus eliminating the inherent 
limitations of organoleptic procedures. Among such 
methods is that which has been used by Turner and 
associates (23) to measure rancidity in frozen pork. 
The principle of the test is the reacting of the products 
of fat oxidation with thiobarbituric acid (TBA) to pro 
duce a red colored compound which may then be esti 
mated spectrophotometrically. The advantage of this 
test is that it can be run directly on tissue, and the fat 
does not have to be extracted. Work is now in progress 
in this laboratory in an attempt to adapt this method 
to the measurement of fat oxidation in cooked oysters. 

It is interesting that weight loss of oysters during 
cooking ranged from 17% to 59%, including values 
obtained for all cooking times and methods. When the 
heat treatment was sufficient to destroy the enzyme 
catalase, losses ranged from 38% to 59%. These values 
are much higher than that of 10% cook drip reported 
by Sumerwell (22) for fresh Pacific oysters. This may 
be due to difference in moisture content between Pacific 
and Southern oysters and also to the different method 
used by Sumerwell. His samples were placed on mesh 
racks in flat half-pound tins which were covered and 
immersed in boiling water until the internal tempera- 
ture of the samples reached 150° F. (66° C.). The cans 
were then cooled in cold water and opened, the cook 
drip in the bottom of the can drained off, and the per 
cent loss in weight calculated. 

It would be interesting to follow the seasonal variation 
in moisture content of Southern oysters and to deter- 
mine the degree of correlation of this with fluid losses 
during cooking and subsequent storage. Further in- 
vestigation of fluid losses during and after cooking and 
of possible means of preventing or minimizing such 
losses is necessary before any recommendations can be 
made. Not only flavor, but probably some of the nutri- 
tive value of the oysters is lost in the cooking liquid. 
The composition of this cooking liquid and possible 
methods of utilizing it in prepared oyster dishes such as 
stews should also be investigated in future work. 


SUMMARY 

Raw Southern oysters were found to give an excep 
tionally strong qualitative test for the enzyme catalase 
with 3% hydrogen peroxide. This test was used to indi 
cate inactivation of this enzyme by heat treatment. 

Spoilage which took place in oysters cooked enough 
to inactivate catalase and subsequently frozen or re- 
frigerated appeared to be of an oxidative type, charac 
terized by a “rancid fish” odor. By adding various 
antioxidants to the cooking water, this type of spoilage 
was retarded. 

Weight losses during cooking were influenced more 
by length of cooking time than by type of cooking 
method. Further losses of liquid took place upon _re- 
frigerated storage of the cooked oysters. Total weight 
losses ranged from 17% to 59% in oysters which were 
cooked and subsequently stored at 41°F. (5°C.), 
whereas losses in uncooked oysters held under the same 
conditions of storage were from 10% to 12%. 


Che addition of a polyphosphate at 0.1% and 0.5% 
levels in the cooking water had no effect on fluid losses 


during cooking or subsequent storage. 
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The Effect of Copper Contamination upon 
The Development of Color in the 
Processing and Storage of Honey‘ 


(Manuscript received June 21, 1956) 


. 

Corres HAS BEEN FOUND to be objectionable in 
many foods because of its well-known deleterious effects 
upon ascorbic acid and fats (4). This has not been the 
probiem in honey since it contains little lipid material 
with the exception of beeswax, and only minute traces 
of ascorbic acid. A question raised by honey processors, 
however, was whether copper equipment was detri- 
mental to the quality of honey, especially with respect 
to its color. It was believed that, if any effect of cop- 
per on honey color could be demonstrated, it would 
involve an increased rate and/or degree of darkening of 
the product in processing and/or storage. 

Review of the literature. One of the few reports 
in the literature concerning copper concentration in 
honey indicates that a broad range may be expected 
(1). This has been found to be true for both dark and 
light floral honeys. On making analyses of the ash of 
twenty-two honeys selected at random from widely 
separated localities, Schuette and Remy (8) found cop- 
per to be one of the three predominating minerals in 
their samples. Table 1 shows the quantities found, and 
also seems to indicate a direct relationship between 
mineral content and degree of darkness in color. 


TABLE 1 
Variation in ash, silica, iron, copper and manganese 
content of light and dark floral honeys (8) 
Light ‘Darke 
mg Neg. 
Component m 
min. max 


Ash’ | 0.04 | 0.16 ' 0.07 
Si 0 11.70 5.40 


Fe 1 20 4.80 2. 0.70 


Cu 0.14 9.70 ’ 0.35 
Mn 0.17 0.44 ‘ 0.52 


' Ash reported in percent. 
* Averages based on six samples. All other averages based on ten 


samples 


Data of Browne (1), Elser (3), and Sundberg (9) 
also support this conclusion of a higher percentage of 
ash being associated with a darker honey. This does not 
necessarily mean, however, that the color is the direct 
consequence of a higher mineral content. 

Since the color of honey is of primary importance 
from a quality standpoint, a determination of the extent 
to which metallic copper would go into solution in honey 
during processing was desirable, along with a study of 
its effect upon color in storage. As Table 1 bears out, 
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dark honeys on the average contain more copper than 
light honeys. In order to ascertain whether or not the 
two honeys would respond differently to processing and 
storage conditions, experiments were carried out which 
included both the light and dark types of honey. 


EXPERIMENTAL PROCEDURES 


Samples. Dark buckwheat honey and light clover honeys 
were obtained from new combs gathered in New York State. 

Processing. The comb honeys were extracted by filtering 
through several layers of copper-free cheesecloth. Suitable 
aliquots of the honeys were then transferred to a series of large 
test tubes, 25 x 200 mm., in which the different treatments with 
respect to copper, temperature and time were carried out. The 
processing consisted of immersing a motor-driven copper blade 
(3 x 18 x 130 mm.) into the honey and allowing it to revolve 
for a specified length of time. The temperature was held con 
stant using a water bath. For each copper-treated sample, a 
corresponding blank sample was obtained using a glass propeller 
In this manner, appropriate comparisons of treated and non 
treated honeys with respect to color intensity and copper con 
tent could be made. 

Color measurement. Immediately after this initial treatment 
intended to simulate a broad range of processing conditions 
duplicate samples from each batch were transferred to 18 x 150 
mm. pre-selected test tubes, and their percent transmission of 
light measured in a Coleman Universal Spectrophotometer, 
Model 14, using filter PC-4 at 640 my, a convenient reference 
point for comparing relative color changes in honey. 

After taking the initial readings, the tubes of honey were 
placed in an incubator at 122° F. (50° C.) including the un 
heated control samples. Thereafter, measurements were made at 
appropriate intervals. 

The reference standards were untreated samples of light and 
dark honeys, having been stored at room temperature. Changes 
in the reference standards were followed by checking their per- 
cent transmission against distilled water. 

Ashing. Each sample of honey which was processed with 
copper was analyzed for that metal. A number of analyses were 
also made on uncontaminated samples, both heat-processed and 
untreated. A wet-ash was employed, utilizing nitric acid, su! 
furic acid, and perchloric acid.* 


*The exact ashing treatment varied somewhat from one 
group of samples to another. In general the procedure was as 
follows: 20 grams of honey are weighed into a 150 ml. beaker 
Twenty ml. of glass-distilled water are added, and the mixture 
swirled to obtain a uniform solution. Next, 5 to 10 ml. of glass- 
distilled, concentrated HNOs-water mixture (1:1) are added 
followed by one ml. concentrated H:SO. After mixing, heat 
is applied with care. Swirling occasionally is desirable in order 
to avoid the formation of a foam layer. Foaming can not bx 
completely avoided, but when it has subsided somewhat, addi 
tional quantities of the HNO;-water mixture are added, caré 
being taken not to let the solution become too viscous. In the 
same way, the heating rate is increased as the foaming danger 
subsides. During the operation, the beakers are kept covered 
with watch glasses. Toward the end of the ashing, e.g. when the 
samples are water-clear and reduced in volume to 1-2 ml., a 
few drops of 60% perchloric acid are added and the samples 
taken to dryness. Then the ash is taken into solution and made 
to 25 ml. with 2 N glass-distilled HCI. An ashing blank is in- 
cluded with each batch of samples. 





EFFECT OF COPPER 


About one-half of the samples were ashed using Dow Corn 
ing Antifoam A, a silicone defoamer. One drop of this material 
was added to the sample prior to the addition of acid. The 
danger of uncontrollable feaming was virtually eliminated, and 
less acid was required. At the temperature used, however, the 
total ashing time was not appreciably shortened. 

After ashing, analyses for copper were made by the pro 
cedure outlined below. 

Copper analysis. A medification of the procedure reported 
by Parks and co-workers (6) for the quantitative determination 
of copper was adopted (7). Readings were taken on a photo 
electric colorimeter as described by Ellis and Brandt (2). 


RESULTS AND DISCUSSION 

Copper anaylsis. A summary of the data obtained 
from the analyses for copper in the honey samples is 
presented in Table 2. These results are based on singl 
determinations for each honey sample. For determining 
the amount of copper picked up by the samples through 
copper treatment, an average base value for the con 
trols and the honey samples without the presence of cop 


TABLE 2 


Concentration of copper in samples of treated 
and untreated honey 


Light honey 
meg. cu/gm. 


- Dark honey 
Treatment meg. cu/gm 
Time 
(min.) 


| Ten ature , n 
| har Se As found | Picked up | As found | Picked uj 


5 | 100 Cu 1,80 0.43 0.47 0.28 
30 100 Cu 2.10 0.73 0.47 0.28 
30 100 1.40 0.17 
100 Cu 2.00 0.63 0.53 0.34 
140 Cu 1,70 0.33 1.10 0.91 
140 Cu 1.70 0.33 1.10 0.91 
140 Cu l ) 0.43 0.62 0.43 
140 Cu 1 0.43 1.10 
140 0.22 
180 Cu 0.03 0.31 
180 Cu 70 0.33 1.20 
Untreated control 1.30 0.18 


1Cu = Samples treated with metallic copper. 


per at 30 min./100° F. (37.8°C.) and 300 min. 
140° F. (60° C.) was calculated. The net pickup was 
obtained by difference. 

Color measurement. Regarding variances in honey 
with respect to the absence or presence of copper, the 
colorimeter data from the accelerated storage test indi- 
cate that under the conditions studied, contamination 
with additional amounts of metallic copper has no ob 
servable effect upon color development in honey as 
portrayed in Figure 1. 


TABLE 


ON HONEY COLOKk 
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Figure 1. Effect of storage at 122° F. (50° C.) on the color 
of dark buckwheat honey after processing for 30 minutes in 
the presence and absence of copper at various temperatures. 

Key 

SYMBOL TREATMENT 
A A 10/ P Ss A for mit n the presence of copper 

v vy 10 2 7.8° ¢ for 3 nu in the absence of copper. 

A 14 oe { f On tes in the presence of copper. 
14 P. (¢ for 30 minutes in the absence of copper. 


Figure 1 is a typical graph of the effect of storage at 


122° F. (50° C.) on the color of dark buckwheat honey 
after processing, in this case for 30 minutes, in the 
presence and absence of copper at two temperatures. 
It may readily be seen in Tables 3 and 4 that blanks 
and copper treated samples are essentially indistin- 
guishable colorimetrically 

Concerning variances in honey with respect to times 
and temperatures in processing, it is apparent (see 
lable 3) that light clover honey shows no differences 
onditions studied with one excep- 
tion. Slightly lower percent transmission values were 
obtained with the sample and blank processed at 140° F. 
(60° C.) for 5 hours. The percent transmission of the 
light honey decreased very gradually over the period of 
24 days 

For the dark 
varying time and 
+) are somewhat more variable, although a 24 day 
incubation period seems to nullify these differences. 
[he indication is that both time and temperature of 
processing influence initial color development. Irrespec- 
tive of the time element in processing, the honey treated 


over the range ol 


buckwheat honey the initial effects of 
temperature in processing (see Table 
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The percent transmission of light through clover honey as influenced by processing and storage 
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(Days) | 5 min. 30 min 300 min 
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TABLE 4 
The percent transmission of light Sere | buckwheat honey as influenced by Processing and ctenage 





Treatment 





Storage > aon 
at 122° F 100° F. (37.8° 


| 

| 
(50° CL) = . “i thes —— . - = 
30 min 30) min g min. 30 min | 
+ ; 

| 

_ 

| 


(Days) 5 min 
Cu | Cu 
1004 1004 | 100+ 
. Tr 


48 76 


54 


T 
= 


41 
8 17 











ot; 
Pie | 4 


1 Unreliable readings due to air bubbles introduced in processing. 


at 140° F. (60° C.) is least affected colorimetrically by 
temperature. 

In order to explain the color development in honey 
during processing, the excellent browning review of 
Hodge (5) can be cited. He places great significance 
and emphasis on the occurrence of the Amadori re- 
arrangement in the Maillard reaction and outlines a 
general mechanism for browning in carbonyl amine sys- 
tems based upon this rearrangement. Briefly, in the 
initial stage, a sugar-amine condensation occurs form- 
ing an N-substituted glycosylamine which rearranges 
to l-amino-1-deoxy-2-ketose, the Amadori rearrange- 
ment product. Three reactions can take place at the 
intermediate stage, sugar dehydration, sugar fragmenta- 
tion, and amino acid degradation. Highly colored com- 
pounds are formed in the final stage through aldol con- 
densation and aldehyde-amine polymerization. These 
reactions are known to occur in model browning sys- 
tems, but the extent to which each represents color 
formation in honey is unknown. It should be noted 
that both acid conditions and the presence of amino 
acids accelerate various steps of the above mentioned 
reactions. Hence color development in honey could 
very readily arise due to its very own nature and com- 
position, especially when heated. 

To return to the question as to whether the mere use 
of copper in processing equipment is to be avoided, it 
appears that such a recommendation is unfounded. This 
statement is made with the assumption that the metal 
is not allowed prolonged contact with honey such as 
might occur in a storage container or under unsanitary 
processing conditions. 

It should be realized that floral honeys as they occur 
in nature contain catalytic amounts of copper and other 
metals. This situation, of course, may mask a detecta- 
ble effect of copper in honey color development. 


SUMMARY 
Samples of dark and light floral honeys have been 
treated in the presence and in the absence of copper 
metal, at different temperatures and for varying lengths 
of time. Samples exposed to copper contamination con- 


60: min. | 300 min. 0.5 min. 





Unheated Reference 


140° F. (60° C.) 180° F. (82° C.) control standard 





Cu 


88 


59 
45 


34 




















tained a higher level of copper than their respective cor 
trols without copper treatment. This difference was not 
reflected in percent transmission for color development 
during storage at 122° F. (50° C.). 

Initial differences in percent transmission could | 
markedly influenced by times and temperatures of 
processing only in the case of dark buckwheat honey 
These differences decreased rapidly during storage, 
however. It is of interest to note that samples of both 
dark and light honeys which received no treatment of 
any kind and ranked with the lowest in c¢ ypper content, 
showed percent transmission values after about thre« 
weeks incubation at 122° F. (50° C.) along the same 
order as those samples most heavily contaminated with 
copper. 
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Automatic Pilot Plant Control in the 
Development of Microorganisms”” 


(Manuscript received June 13, 1956) 


L ARGE-SCALE DEVELOPMENT of submerged fermen- 
tations and the many advances in the field of instru 
mentation within the last ten years have opened vast 
new fields for the application of automatic control to 
the fermentation industries. Increasing use of con- 
tinuous processes has made the adaptation of integrated 
control to fermentation processes highly desirable and 
possibly even mandatory. 

Since the publication of Hayduck’s patents (7), vari- 
ous attempts have been made to keep the sugar concen- 
tration at a low level in a yeast propagation medium by 
the continuous, or concomitant addition of sugar. The 
types of feed systems used include a punched steel 
ribbon which operates a mercury tumbler that opens a 
a valve (1, 14), a variable orifice centrifugal pump (4), 
weir type calibrated valves (15), peristaltic pumps 
controlled by a “percent-input” timer (12), and various 
types of positive displacement pumps (16). These 
systems all add sugar at a predetermined rate. No re- 
ports have been found in the literature describing a 
feedback control device that automatically supplies the 
sugar required by actively growing yeast. The possible 
utilization of such a device has been investigated exten- 
sively by the authors. The first problem was that of 
the development of a control device by means of which 
the sugar concentration, or some function thereof, could 
be measured continuously at the levels most likely to 
be encountered in fermentations. 

Three possible means of measuring sugar concentra- 
tion have been considered ; these are namely, the meas- 
urement of: specific gravity, optical rotation, and 
refractive index. Although several devices for the de- 
termination of specific gravity or density are available 
at the present time (8), it was considered that with the 
sensitivity required, concurrent variables would have 
too large an effect on the actual readings obtained. 
Density values are highly sensitive to changes in tem- 
perature, dissolved gases and compounds of low mole- 
cular weight which would cause the readings of sugar 
concentration to be erroneous. 

Optical rotation measurement would be a_ highly 
sensitive measuring device and, since only optically 
active compounds would be measured, it would be less 
subject to interference from compounds other than 
those that it is desired to control. However, yeast cells 
contain large amounts of the enzyme invertase which 
causes the ratio of sucrose to glucose to change con- 
tinuously throughout a fermentation process. This is 
of considerable importance when sucrose-containing 
material is used as a sugar source. Since the optical 


* Presented before the Sixteenth Annual Meeting of the Insti- 
tute of Food Technologists, St. Louis, Missouri, June 12, 1956. 
"The results presented herewith form a part of the Sc.D. 
thesis presented in the Department of Food Technology, Massa- 
chusetts' Institute of Technology, by G. J. Fuld, in 1956. 
Contribution No. 297 from the Department of Food Technology. 
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rotation of glucose is drastically different from that of 
sucrose, continuous correction for this variation would 
be necessary. At the present time, no device is com 
mercially available that will measure optical rotation 
continuously, but undoubtedly one could be constructed 
along the lines of the various continuous refractometers 
now available. 


INVESTIGATION OF THE REFRACTIVE INDEX 
AS A CONTROL DEVICE 


It was, therefore, decided to investigate the use of 
refractive index as a means of measuring and cor- 
relating sugar concentration. Although refractive index 
measurement is a widely used method for measuring 
sugar concentrations (2), there are problems associated 
with its use in the fermentation field. The mash, for 
example, contains microorganisms and the products of 
fermentation in addition to the sugar which may be 
present only in relatively low concentrations. 
experiments were performed, using 
shake-flask cultures, to determine the variation of the 
refractive index of the medium with time. Analyses 
were made periodically on a cell-free sample for gross 
refractive index, pH, sugar concentration, empleying 
Sullivan’s micromethod (13), which utilizes cereous sul- 
fate, alcohol concentration, involving the oxidation of 
volatiles by chromate ion as described by Neish (10), 
and the total nitrogen as ammonia, utilizing an electro- 
metric formol titration developed by Fuld (5). If the 
increments of refractive index due to the particular 
concentration of the compounds, such as nitrogen, 
alcohol or sugar, are summated and then subtracted 
from the gross refractive index of the medium, a value 
which may be designated as the “net refractive index” 
is obtained. Results of a typical experiment in which a 
strain of Saccharomyces cerevisiae was grown on a 
synthetic medium (11) are shown in Figure 1. All the 
sugar, as glucose, was added initially. The curve for 
net refractive index is very nearly a straight line, indi- 
cating that the refractive index measurement can rea- 
sonably be used as a measurement of sugar concentra- 
tion in the fermentation. However, great variations in 
the concentration of alcohol, nitrogen’ and phosphorus 
would affect the net refractive index of the medium. 

It was determined that incremental sugar 
addition was attempted with the shake-flask cultures, 
the net refractive index deviated from a constant value 
towards the end of the fermentation especially when 
molasses was used as a sugar source. Typical curves 
for net refractive index derived from duplicate sis, 
using molasses as a sugar source, are shown in Figure 
2. Molasses apparently contains some non-metaboliza- 
ble fractions that affect the refractive index. An em- 
pirical relation, referred to a basis of increments of re- 
fractive index due to the non-metabolizable fraction on 
the basis of color intensity can then be used to correct 


Laboratory 


when 
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baffles in the tank provide adequate agitation. A sterile, pre- 
heated, humidified air supply is obtained by passing the air 
through a carbon-packed filter, that is equipped with a steam 
jacket and then through a humidifier. A rotameter and needle 
valve, mounted on the central panel control the air flow. Air 
enters the reactor and impinges onto the impellor blade, thus 
being dispersed throughout the liquid. Means for steam steriliza 
tion of the entire apparatus, including all lines, reservoirs and 


the net-refractive index. The results corrected on this 
basis are shown in Figure 2. Results of laboratory 


experiments were reasonably promising, and an attempt 
to control the sugar on a truly continuous basis, with 
the utilization of refractive index as the control device, 


was made. 
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Figure 1. Run C. Yeast SBI-1, in synthetic medium of 
Olsen and Johnson, grown on shake flask propagator at 30° C. 
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Figure 2. Net refractive indices for runs E and F before 
and after correction by empirical color intensity. 


DESCRIPTION OF APPARATUS USED 


The apparatus used for the large-scale studies consists of a 
stainless steel, jacketed, reactor of 55-gallons capacity and the 
necessary accessory equipment. The general appearance of the 
pilot plant is shown in Figure 3. Detailed schematics of the 
equipment are presented elsewhere (5). 

Accessory equipment includes a number of essential facilities. 
A temperature recorder-controller operates a dual control type 
valve system, which feeds either steam or cold water to the 
jacket of the reactor. An overhead variable-speed agitator, 
equipped with a turbine impellor blade and 4 laterally mounted 


the air filter is provided on the central panel. Steam seals are 
present on the sample line, the product line and the removable 
hand-hole. 

An automatic antifoam system is provided by a high-level 
probe and a low impedance relay. The signal is transmitted 
through a time-delay device (consisting of a synchronous motor, 
a cam, and a micro-switch) to a solenoid valve. 


Figure 3. A view of the 50-gallon pilot plant fermentor. 


The pH control system is shown schematically in Figure 4 
It consists of a small centrifugal pump which continuously 
circulates the medium past the pH electrodes. The recorder 
controller operates a diaphragm valve which meters in a supply 
of base as it is required from a 5-gallon pressure reservoir. A 
pressure balance line maintains reactor pressure in the vessel so 
that the flow is by gravity. Samples are taken from this circula- 
tion system. Thus, fresh samples may always be obtained 
aseptically. There is a steam seal at this outlet to help to main- 
tain sterility. 

Since the presence of suspended yeast cells causes the light 
to be diffused sufficiently to prevent the formation of a definite 
image in the field, a clarification step is mandatory. Hence, the 
sugar control system contains a branch line from the circulating 
system that discharges a stream of medium through a West- 
phalia LWA 205 centrifuge. The clarified liquor then passes 
through a Bausch and Lomb control refractometer (3) and is 
then returned to the fermentor. 
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Figure 4. Schematic diagram of pH control and sugar con- 
trol on the 50-gallon fermentor. 


RESULTS AND DISCUSSION 

Several experimeuts have been performed that utilize 
the automatic control system with the pilot plant fer- 
mentor. The results of one run are shown in Figure 5. 
Curves are shown for the yeast production, total 
molasses addition, nitrogen present in the medium, 
alcohol production and the actual sugar concentration 
present. The first control point was at 0.70% and 
thereafter the value slowly decreased with time. 

A chart showing the variation of sugar concentra- 
tion with time is shown as Table 1. The average sugar 
concentration during control was 0.58 + 0.16%. How- 
ever, since the alcohol production was excessive, proba 


bly due to insufficient aeration, the alcohol affected the 
controlled refractive index appreciably. If the effect 
of the alcohol is taken into account and the correction 
taken as sugar, the hypothetical sugar concentration 
that would have been present in the absence of appreci- 
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Figure 5. Bakers’ yeast propagation (run No. 66) with auto- 
matic sugar and pH control. 


able alcohol, is shown in the fourth column. The aver- 
age concentration would have been 0.63 + 0.13%. 
Experiments are planned so that the alcohol pro- 
duction will be held to a minimum. Analyses for phos- 
phorus concentration during the fermentation were 
made (9) and it was found that an excess was present. 
lhe concentrations are shown in column 5 of Table 1. 
When corrections were made for both the phosphorus 
and the alcohol, a different, hypothetical sugar concen- 
tretion was found ; this is shown in the-last column. In 
this case the average, hypothetical sugar concentration 
would have | en 0.64 + 0.10%. Adjustment for the 
alcohol production and the phosphorus variation 
apparently accounts for most of the errors in the con- 
trolled system. However, there appears to be a non- 
negligible decrease in the sugar concentration with 
time, which in this case amounts to 0.16% sugar. Sub- 
sequent runs using both molasses media and synthetic 
media with either hydrolyzed corn sugar (‘Cerelose’) 


TABLE 1 
Bakers’ Yeast Propagation 


Actual sugar 
(Time (hours) (percent) 


0 . 0.50 0.003 
1.00 0.70 0.004 
2.23 | 0.71 0.011 
3.23 0.67 0.016 
4.31 0.63 0.022 
5.31 0.66 0.024 
6.31 | 0.63 0.036 
7.31 0.63 0.056 
8.31 0.62 0.088 
9.35 0.54 | 0.142 
10.55 0.48 0.281 

11.31.. = | 0.45 0.317 
12.52 ntignlotpeninioel 0.32 0.513 
12.87 . 0.51 0.532 
24.48 : . 0.12 0.008 
0.58 + 0.16 


Average of controlled sugar conc. 


; Alcohol 
(percent) 


150 litres in molasses medium—Run No. 66 


H ypothetical 
sugar (cor- 
rected for 
alcohol and 
phosphorus) 


Hypothetical 

sugar (cor Phosphorus 
rected for (percent) 
alcohol) 


Remarks 


(not controlled) 


0.67 
0.64 
0.67 
0.64 
0.66 
0.66 
0.61 
0.61 
0.60 
0.54 (All molasses 
1.77 utilized—-not 
controlled) 


0.63 = 0.13 0.64 = 0.10 





1g FOOD TECHNOLOGY, JANUARY, 1957 


or sucrose as a carbon source have shown a decrease in 
the corrected sugar concentration, which varies from 
0.10% to 0.30%. It has been possible to maintain the 
phosphorus concentration constant to within 0.01% so 
that its variation should have a negligible effect on the 
controlled sugar value. However, even when the con- 
trolled sugar was held to less than 0.25%, the alcohol 
production still reached approximately 0.30%, which 
is considered to be too high. In these cases an aeration 
rate of about 10 ft. per sec. (based on the area of the 
fermentor) was used—which apparently is still not 
sufficient to minimize the alcohol production. With the 
present equipment it is not possible to further increase 
the aeration rate without major modification. It is hoped 
that a more efficient sparging system can be installed 
which may help to minimize the a'cchol production. 

It is considered that the decrease in the controlled 
sugar concentration, even when corrected for alcohol, 
may be due to the excretion of metabolic products by 
the respiring yeast and to some non-metabolizable frac- 
tions in the sugar sources. The latter consideration was 
verified when a sugar source that contained a known 
amount of non-metabolizable fractions was used. Fur- 
ther details of this work will be reported in a subsequent 
paper (0). 

This slight decrease in sugar concentration with time 
has the disadvantage that it sets a minimum value below 
which it is not possible to achieve adequate control. 
Thus, if the alcohol yield maximum is 0.60% and the 
decrease in control due to non-metabolizable fractions 
is 0.16%, the minimum possibie sugar control is 0.40%. 
If it is attempted to control below this value, it is pos- 
sible that the sugar will eventually approach zero con- 
centration which will suspend the active growth of the 
yeast. However, a slightly decreased sugar concentra- 
tion may be advantageous in that it may, especially at 
the peak of growth, cause a lower alcohol production. 

The refractive index controller was capable of control 
to a value equivalent to +0.06% sugar. In the later 
part of this particular run the sensitivity of the con- 
troller was doubled, but the magnitude of the deviations 
remained approximately the same. 

During control, the pH was held constant at 5.05 + 
0.05 units. At the end of the active growth period, the 
yeast cells autolyzed and the pH rose slowly to about 
70. 

The temperature throughout the fermentation was 
held at 30.0 + 0.3° C. by the automatic temperature 
control system. 

The results presented thus far are only preliminary. 
\ system, such as the one described herein, for pilot 
plant studies may be used on a large-scale unit, the only 
change necessary being an adjustment in the size of the 
control values. Such a control device might cost 


approximately $15,000 to install in a plant. It would 
obviously be only practical if it offered an advantage 
over the present system. Possible advantages would be 
better yields, and what is of even greater importance, 
a more uniform product. Uniformity is especially im 
portant in bakers’ yeast propagated for use in con 
tinuous baking where exact predictable fermentative 
powers per unit weight are needed. Naturally, such a 
sugar control device would be invaluable for laboratory 
studies since optimum sugar levels, that are very diffi 
cult to determine at present could be found. Additional 
studies to determine better media, aeration rates, and 
yeast strain studies could be more readily carried out 
Sugar control might also be useful for continuous fer 
mentations, such as those used in several installations 
for food yeast production from sulfite liquors. 
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Effect of Tomato Cell Structures on 


Consistency of Tomato Juice’ 


(Manuscript received July 19, 1956) 


rr 

Dave CONSISTENCY OF TOMATO JUICE depends partly 
on its chemical composition and partly on its physical 
structure. Although rather extensive research has been 
carried out on the chemical constituents, particularly 
on the pectic substances (1, 3, 4, 6, 7, 8, 9, and others), 
relatively little attention has been given to the structural 
aspects of consistency (2, 4, 5, 8, 10). The recent work 
of Hand et al. (2) shows that the influence of the in- 
soluble structures on consistency may be much greater 
than has heretofore been recognized. 

Composition and structure are, of course, closely 
interrelated. Although the insoluble structures may be 
the building blocks of a juice and may be required for 
the attainment of an acceptable degree of consistency, 
their properties and behavior are modified significantly 
by the presence of pectic substances. In the present 
study particular emphasis is given to defining the role 
of the microscopic structures in tomato juice con- 
sistency and to showing some of the interrelationships 
between structure, composition, and consistency. 

Structure of tomato flesh cell. To understand the 
structure of tomato juice, it is helpful to observe the 
structure of a fresh tomato. A tomato is composed 
principally of relatively large, near-spherical flesh cells 
(Figure 1) which are filled with dilute sugar water or 


* Presented at the Fifteenth Annual Meeting of the Institute 
of Food Technologists, Columbus, Ohio, June 14, 1955. 

” One of the laboratories of the Eastern Utilization Research 
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Ca. aa 
Figure 1. Unstained, living flesh cells from the center of 
a tomato. Insoluble granules and cell walls are seen. 


R. T. Whittenberger and G. C. Nutting 
Eastern Regional Research Laboro- 
tory,” Philadelphia 18, Pennsylvania 


cell sap and small quantities of living matter and in- 
soluble granules. The largest cells can barely be seen 
with the unaided eye. They may be visible as small 
gelatinous spots as tomato juice drains down the sides 
of a tumbler. The outer boundary or wall of the cells 
consists of interwoven cellulose fibrils impregnated with 
pectic compounds. The walls, although so thin as to be 
fragile, give mechanical stability to the cells and serve 
as a supporting framework for tissues. The great intrin- 
sic strength of cellulose as fibers, threads, and fabrics 
is well known. Pectins are amorphous and, especially 
when swollen with water or cell sap, have little me- 
chanical strength 

Cells in a tomato are joined by a pectic adhesive which 
softens as the tomato ripens and permits the cells to 
separate easily from each other. When the tomato is 
crushed to make juice, cells separate, sap is released, and 
cell walls often become broken and distorted. The sim- 
ple separation of cells from the tissue brings about a 
very great reduction in viscosity. The cell walls, 
although separate, remain capable of exerting an im- 
portant and even predominating influence on juice con- 
sistency despite the fact that they amount to a percent 
or less by weight 


OBSERVATIONS 


Juices from dissected tomatoes. Tomatoes were dissected 
into the 4 fractions shown in Figure 2: A, the outer rind or 
shell of the tomato; B, the placenta or center tissues; C, the 
free juice occurring in the vicinity of the seeds; and D, the 
gelatinous envelopes surrounding the seeds (Figure 3), With 
tomatoes averaging 110 g. in weight, fraction A comprised the 
greatest proportion (48%) of the whole tomatoes (Table 1) 
and fraction D the smallest (8%) 


—A SHELL TISSUE 
C FREE JUICE 
B CENTER TISSUE 
D SEED ENVELOPE 


Figure 2. Cross section of a tomato. Tissues separated by 
dissection are indicated. 


Tissues comprising the fractions were converted to juices by 
being heated to 190° F. and passed through a small Septa 
Sieve (a tapered screw-type extractor). Consistency of thé 
juices was measured with a Brookfield viscometer in a manner 
described by Hand et al. (2), and the viscosity of serums 
(tomato juice freed from suspended particles) was determined 
in an Ostwald viscometer. Most photomicrographs of the 
diluted (1:1) juices were taken with the aid of polarized light 
and crossed Polaroids and a mounting chamber which gave a 
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Figure 3. Longitudinal section of tomato seed. The outer 
tissue is the seed envelope, the broad white band comprises the 
seed coat and seed hairs, and the central dark region is the 
seed proper. The envelope is folded in part. 


uniform film of juice 350 microns thick. Under these conditions 
only crystalline structures, which in tomatoes are composed 
principally of cellulose, were brightly visible. 

Large differences in the properties and structure of the 
juices were observed (Table 1). The thickest juice which was 
432 apparent centitpoises (cp.), was obtained from the seed 
envelopes (fraction D). The serum viscosity of this juice also 
was extremely high (25.6 cp.), indicating the presence of rela- 
tively large amounts of undegraded pectic materials. This vis- 
cosity was about ten times as high as that of the thickest serum 
of the commercially available juices studied. During commer- 
cial juice manufacture, these pectin-rich envelopes usually, 


although not always, are stripped from the seeds and are in- 
cluded in the body of the juice. Enzymatic digestion of the 


TABLE 1 
Properties of juices from different fractions of tomatoes 





| Consistency 

| of juices, 
Percent | apparent cp.' 
of tomato |—————_;—— — 


Viscosity 
me _| of serum, 
Original Homoge- | : 
| & nized 
Shell A 48 155 405 
Center RK 26 145 335 
17 | 15% 
432 | 700# 


Fraction 
of tomato Juice 








Free juice i 18 | 
Envelopes D 7 | 

* Recognizing the strong dependence of the viscosity of most tomato 
juices on the rate of shear, “Brookfield viscosities” of whole juices are 
throughout the paper designated ‘‘consistency” and expressed as “apparent 
centipoises.” 

* Low viscosities cannot be determined accurately under the measure 
ment conditions used throughout (usually No. 2 rotor, 60 r.p.m.). Indi- 
cated viscosity of water was 4 cp. (actually, 1 cp.). 

* Rotor No. 3 at 60 r.p.m. was used. 


pectins in juice D lowered the serum viscosity to 1.2 cp. The 
principal structures visible in the juice were cell walls (Figure 4). 
These differed from those of most other cells in the tomato in 
being more elongated, pliable, elastic, and thinner. 

The thinnest juice was obtained from the liquid (fraction C) 
surrounding the seed envelopes. Its Brookfield viscosity was 
only 11 apparent cp. and its serum viscosity was 1.3 cp. (see 
lable | footnotes). No structures were visible microscopically 
under polarized light, although numerous insoluble colored 
granules could be seen under ordinary illumination. The absence 
of cell walls from this juice was highly significant. 

Juices made from the shell (A) and center (B) tissues were 
similar and resembled an average commercial tomato juice in 
properties and appearance. These juices comprised about 75% 
of the total juice from the dissected tomatoes. Juice A had a 
consistency of 155 apparent cp. and a serum viscosity of 2.6 cp. 
Quantities of cell walls were visible under the microscope 
(Figure 5). 


Figure 4. Cell walls in juice from tomato seed envelopes 
The walls contained much pectin and the juice was thick. 


Consistency of the juices was increased by changing 
structure of the insoluble constituents. This was accomplished 
by treating the juices in a Waring blender, a process analog: 
to homogenizatien. The increases were not equal in magnitud 
but varied with the nature of the insoluble components 
juices that contained quantities of cell walls (juices A, B 
showed large increases, whereas juice C which contained nun 
ous insoluble granules but not cell walls, was scarcely affected 
Viscosity of the serums remained almost constant during 
blender treatment, thus indicating that no more pectins wer: 
extracted or made soluble by homogenization. 

Increase in consistency of juices A, B, and D was associa 
with the conversion of spherical particies to elongated particles 
and with a reduction in particle size. A comparison of Figures 
5 and 6 shows the structural changes in the cell walls of 
A caused by homogenization. 

Effect of maturity and preheat treatment. The characte: 
and quantity of insoluble structures in tomato juices depende: 
partly on the maturity of tomatoes and on whether the tomatoes 
were heated before crushing. When hard, green, unheate: 
tomatoes were made into juice (cold break method), relatively 
few cell walls were incorporated in the juice (Figure 7). The 
flesh cells stuck together in irregular clumps and most wer: 
discarded with the seeds and skins by the extractor. The 
consisted principally of expressed cell sap and small insolubl: 
granules. It was relatively thin (Table 2). 

Heating similar whole green tomatoes to a center tempera 
ture of 190° F. in a pressure cooker prior to their passag: 
through the extractor (hot break method), resulted in th 
clusion of quantities of cell walls in the juice (Figure 8) 
heat not only softened the tissues and permitted easy separati 


A 


Figure 5. §S cal cell walis in juice from the outer shel! 
of a tomato. Juice was average in consistency. 





EFFECT OF TOMATO CELL STRUCTURES ON JUICI 


Figure 6. Same juice as in Figure 5 after homogenization in 
a Waring blender. Increase in linearity of cell walls is evident. 
Juice was thick. 


of cells, but it also preserved the native pectins of the tomatoes. 
Although the serum viscosity (7.0 cp.) was several fold greater 
than that of an average commercial hot-break juice, it was 
insignificantly small in comparison with the viscosity of the 
whole juice (410 cp.). The juice was exceedingly thick, 
approximating the consistency of tomato puree. 

With ripe tomatoes, differences in preheat treatment mad 
relatively small differences in the amount and shape of cell 
walls in the resulting juice, although differences in the charac 


TABLE 2 
Effect of maturity and preheat treatment of tomatoes 


Consistency | Viscosity 
of juice, of serum, 
apparent cp., 


Preheat 


Maturity of tomatoes treatment 





Ripe None 80 
Ripe 190° F. 160 
Green None 55 
Green 190° F. 410 


ter of the walls did occur. Both preheated and not preheated 
whole tomatoes gave juices containing cell walls in quantity 
In a ripe tomato the flesh cells were easily separable even with- 
out a preheat treatment. The hot break juice, however, was 
thicker than the cold break juice and contained more pectic 
materials, as indicated by the viscosity of its serum (3.1 cp.) 
When pectic materials made up a substantial part of the cell 
walls, the walls were relatively tacky, strong, and hydrophilic 
Both juices were thicker than that from cold break green 


Figure 7. Relatively few cell walls were present in the juice 
from unheated green tomatoes. Juice was thin. 
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tomatoes, although neither of the juices was as thick as that 
from hot break green tomatoes 

Effects of pectinase and cellulase. Removal of pectin from 
serum and cell walls in a hot break juice by pectinase caused a 
significant decrease in consistency (Table 3). This decrease was 
not accompanied by conspicuous change in the microscopic 
appearance of cell walls, although the walls did appear to in- 
crease slightly in birefringence. Chemical analyses confirmed 
the elimination of pectins from both the cell walls and the serum. 
However, consistency of the pectin-free juice was restored and 


TABLE 3 


Effect of pectinase and cellulase on the 
consistency of tomato juice 


Consistency of juice, 
apparent cp. | Viscosity 
. ——————| of serum, 
Homogenized | ep. 
after treatment 


Treatment 


None ’ 2.3 
Pectinase 83 3 | 1.1 
1.1 


Cellulase (containing pect 


even made to exceed its original value by changing the struc- 
ture, i.e., by decreasing the size and increasing the linearity of 
the residual cellulosic walls in a Waring blender. The blender 
caused greater splintering of the pectin-free walls than it did of 
pectin-impregnated walls, thus indicating the change in cell 
wall character brought about by the removal of pectins. Maxi- 
mum consistency was obtained by treating the original pectin- 
containing juice in the blender. Evidently the combined effects 
f dissolved pectin in raising the serum viscosity and of in- 
soluble pectin in raising the water-holding capacity of the frag- 
mented cell walls more than offset the greater wall fragmenta- 
tion in the pectin-free juice 

Unfortunately, cellulose-digesting enzymes were not available 
in pure form. The enzyme preparation used digested pectic sub 


Figure 8. Preheated green tomatoes gave a thick juice con- 
taining many cell walls. 


stances as well as cellulose. Treatment of the original juice with 
the preparation lowered consistency appreciably. Essentially all 
pectic substances were digested, as indicated by the drop in 
serum viscosity, and the bulk of the cellulose was digested, a» 
indicated by microscopical examination. Only a small number 
of fragments of the cellulosic walls were visible and these hac 
lost their birefringence. There was no change in the appearance 
of the insoluble granules 

With the digestion of the major portion of cellulose, con- 
sistency of the juice was not restored by homogenization. Al- 
though incompletely digested fragments of cellulose were 
present in sufficient amount to maintain consistency at about 
50 cp., the fragments evidently were too small to be affected by 
the homogenization treatment, just as colloidal molecules of 
pectin in solution are unaffected. As shown previously, homoge- 
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nization has almost no effect on consistency of the insoluble 
granules. The results indicated, therefore, the importance of 
cellulosic structures both in maintaining consistency and in 
increasing consistency through homogenization. 


DISCUSSION 

New evidence is presented showing the importance 
of physical structure in the consistency of tomato juice. 
Specifically, plant cell walls are identified as the princi- 
pal structural elements, or building blocks, of a juice. 
Without these building blocks, the consistency is trivial. 
Consistency depends largely on the quantity, shape, 
degree of subdivison, and character of the cell walls 
present. 

Several factors influence the quantity of cell walls in a 
juice. Among these are maturity of tomatoes, native 
differences in cell wall thickness, type of preheat treat- 
ment of fresh fruit, and manner of extracting or com- 
minuting tomatoes to form juice. These factors are 
closely interrelated, and often variations in one factor 
can be compensated for by adjustments in another. 
Data in a previous section of this paper and elsewhere 
(2, 10) indicate how some of these adjustments may 
be made. 

Although two juices may contain identical quantities 
of cell walls, they may differ in consistency because of 
differences in the configuration, or structural arrange- 
ment, of the walls. In general, sheetlike or rodlike walls 
or wall fragments offer more resistance to flow and 
give a more stable juice structure than do spherical 
walls. The irregularity of cell wall form depends largely 
on the mechanical treatment the walls receive during 
juice manufacture. Forcing cell walls through passages 
of small clearance, and other types of shearing, stirring 
or beating actions increase linearity. 

The character of cell walls varies with their pectin 
content. Walls permeated with pectins are tacky, 
resilient, and capable of binding appreciable quantities 
of water, whereas walls devoid of pectins are brittle, 
friable, and less hydrophilic. Under similar conditions, 
the pectin-containing walls yield the thicker juices. 
Many of the same factors that control the cell wall con- 
tent of a juice also control its pectin content. It is well 
known that the native pectins of tomatoes may be pre- 
served during juice manufacture by a suitable preheat 
treatment. 

These studies are being continued. 


SUMMARY 

Microscopic studies showed that the principal struc- 
tural element in tomato juice is the flesh cell. Of the 
insoluble structures in the flesh cell, the cell wall was 
identified as the structure most closely related to con- 
sistency. 

Tomatoes were dissected into four separate tissue 
fractions which were converted to juices. Juices from 
the outer shell and from the center tissues were 


moderately thick and contained moderate quantities 
of cell walls. Free juice from the seed cavities was 
exceedingly thin and was devoid of cell walls. Juice 
from the gelatinous seed envelopes was thick, and con 
tained cell walls heavily impregnated with pectin. [he 
juices containing cell walls were thickened by increasing 
the linearity and surface area of the walls through 
homogenization or equivalent mechanical treatment. 
Maturity of tomatoes and preheat treatment affected 
juice structure, composition, and consistency. Unheated 
green tomatoes gave a juice low in consistency and cell 
wall content, and moderately low in pectin content 
Whole green tomatoes preheated to 190° F. yielded a 
juice high in consistency, cell wall content, and pectin 
content. With ripe tomatoes differences in preheat treat 
ment made smaller differences in juice structure and 
pectin content. The differences in consistency, however, 
were great enough to be of practical significance. Al 
though enzymatic digestion of pectin in a juice lowered 
consistency, consistency was restored by mechanicall) 
changing the structure of the pectin-free cell walls 
Partial enzymatic digestion of cellulose in the cell walls 
irreversibly lowered consistency. Maximum consistency 
was obtained when both cell walls and pectins were 
present in quantity. It was concluded that consistency 
depends largely on the quantity, shape, and degree of 
subdivision of the cell walls present, and on the chara 
ter of the walls as determined by the occurrence of 


pectins. 
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D, RING THE PAST DECADE, the necessity for the 
“team” approach to research and application—where 
the user and the food technologist, refrigeration engi- 
neer, and other scientists work together for the solu- 
tion of technological problems—has been impressed 
upon all of us. Gone are the days of the “inventor” of 
a technique o7 a machine. 

In the 1955 Report of The Refrigeration Research 
Foundation, Dr. Diehl, its Director, comments: “Most 
effective emphasis and achievement of objectives are 
obtained by constructive collaboration, which the com- 
plexity of modern technology makes compulsory. The 
technical leadership which results from such joint coun- 
sel and action is markedly more effective than individual 
effort could be.” 

Mr. Harold E. Pinches, Assistant Director, Farm 
and Land Management Research, the U. S. Department 
of Agriculture, in his address to the Agricultural Engi- 
neers at the 3rd Annual Engineering Conference, 4 
May 1956 at Ohio State University stated: “We need, 
I believe, to get away from too severe compartmentation 
of our thinking. We must cross the lines between the 
conventional divisions of our profession.” 

Numerous other examples of similar thinking could 
be cited. This brings us to the purpose of this paper ; 
namely, to call attention to some problems in the use 
of refrigeration, the solution of which by known tech- 
niques can be valuable to the citrus industry. But they 
need the team approach to bring them into accepted 
practice and thus to realize maximum benefits. 

Most foods should be cooled immediately after they 
are harvested, and then held under refrigeration until 
the housewife takes them from her household refriger- 
ator to prepare them for the table. Thirty years ago, 
when I first entered the refrigeration business, there 
were many gaps in this chain of protection. One by one 
these gaps have been closed. If not yet embodied in 
currently accepted commercial practice, at least the 
fundamental research has been completed and the why 
and how technique is available. It now remains for 
public demand for better foods to force acceptance of 
these techniques, for the economics of their application 
to justify them—and evolution will bring them into use. 
This paper will consider two relatively new refrigera- 
tion applications which are technically sound, and 
which should be kept constantly in mind in your future 
planning. 

Pre-cooling. ‘The first is pre-cooling of fruits and 
vegetables as soon as possible after harvesting. This 
has its scientific foundation in the chemical law that 
increase of temperature speeds completion of chemical 
reactions, and, conversely, that reduction of temperature 
slows reactions. Loss of quality of food and its eventual 
destruction are both subject to this law. The destructive 
processes are chemical, enzymatic, and bacteriological. 
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\ll take place at accelerated rates with increase of 
temperature. 

Time is also a related factor—the longer the time, the 
greater the deterioration, even at reduced temperatures. 
Lapse of time is inevitable even in the orderly market- 
ing process for foods; hence, the maximum advantages 
of refrigeration shou'd be employed to offset the ravages 
of time. 

Vacuum cooling. Two types of pre-cooling have been 
successfully developed; namely, vacuum and _ hydro- 
cooling. The vacuum process does the best job on those 
products which have a large exposed surface in relation 
to their mass or volume, for example on lettuce. A 
large percentage of the lettuce shipped from the western 
states is now vacuum pre-cooled prior to loading for 
shipment, with benefits to all concerned, from producer 
to consumer (5). At present, however, this method 
seems of little value to the citrus industry. 

H ydro-cooling. his process has proved applicable 
to various fruits and vegetables but is best adapted to 
citrus products. Using water as a transfer medium to 
reduce the temperature of the product, a very high rate 
of heat removal can be obtained, particularly if the 
water is sprayed over the cooling product, and the 
warmed water is then circulated rapidly over ‘some 
cooling medium to remove the heat before recirculation. 
If the technique is to be successful, the product must 
be exposed to the cooling water for the proper length 
of time to reduce it to the required temperature. More- 
over, there must be sufficient cooling capacity in the 
form of ice or mechanical refrigeration to dispose of 
this heat. 

\s the process is currently applied, the product 
moves through the sprayed cold water on a conveyor 
belt, the speed of which can be regulated to expose the 
product to the cooling water for the correct length of 
time. The water can be chemically treated to inhibit 
micro-organisins which attack the fruit and eventually 
reduce its quality (3, 4, 16). The equipment can ever: 
be mounted on a truck-trailer combination and taken 
directly into the field where harvest is in progress, thus 
materially reducing product handling ( Figure 1). 


Figure 1. Portable Hydro cooler mounted on trailer. May 
be moved from one harvest point to another. 
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Value of this process lies in properly preparing citrus 
and other fruits and vegetables for transport to offset 
some of the known limitations of in-transit refrigeration. 
For example, a study of overseas shipping by the 
U.S.D.A. (1) indicates that better quality products 
could be marketed in Europe if the following practices 
were observed : 


1. Select and pack higher quality fruit for export. 

2. Pre-cool oranges to below 40° F. as rapidly as 
possible after packing and protect them from 
warming on the dock or while loading. 


3. Maintain transit temperature of about 35° F. for 
oranges and 50° to 55° F. for grapefruit. 


Shipping tests showed that the temperature of much 
of the fruit was too high when loaded. Some of it was 
loaded at temperatures as high as 90° F. Also, it is 
reported, the ships did not have sufficient refrigeration 
capacity to lower it rapidly to a suitable transit tem- 
perature. The oranges loaded at 90° F. cooled only to 
41° to 59° F. during the voyage—hardly the optimum 
requirement. 

It is common knowledge to those well versed in the 
field of mobile refrigeration, that most mobile applica- 
tions have been made on the basis of storing the product 
only. The refrigeration capacity provided has been 
sized to take care of only the heat which leaks through 
the insulated walls of the space being cooled, with no 
provision being made to remove the sensible heat from 
the product or control the heat of respiration after load- 
ing. The occasional success attained with such installa- 
tions has been invariably co-incidental with unusually 
favorable conditions rarely encountered in day-to-day 
practice, and certainly never encountered in summer 
weather when protection is most needed. 

Here is an ideal example of where the team approach 
in determining proper technique by research, followed 
by putting that technique into practice, can be used. 
In the research phase, the horticulturist and food tech- 
nologist find the optimum conditions for maximum 
product life, the bacteriologist provides the knowledge 
for micro-organism control, the packaging engineer 
works out the packaging technique best suited to the 
application, the mechanical engineer designs the physi- 
cal equipment required, the refrigeration engineer ap- 
plies the right capacity and type of refrigeration, and 
the chemist provides chemical treatment to control the 
micro-organisms. In the application phase, using these 
techniques and proper equipment, the grower, ship- 
per, car lines, truck lines, railroads and finally the 
steamship companies put them to use. However, each 
must do his part. If at any place in the chain we have 
a weak link, the technique bogs down and we end up 
with less than the optimum results which the research 
shows is possible. 

Mechanically refrigerated railroad cars. The sec- 
ond refrigeration application I wish to stress concerns 
the mechanically refrigerated railroad refrigerator car. 
Today’s successful mechanical car (6, 9) owes its de- 
velopment to the impetus which your industry put behind 
it when it was found that iced cars left much to be 


desired in handling one of your major sources of in 
come ; namely, frozen orange juice concentrate. Unfor- 
tunately, there are still not enough mechanical cars to 
handle the huge frozen concentrate business, let alone 
the general frozen food business. However, the me 
chanical car and techniques associated with it deserve 
your constant thought in future planning because it is 
thoroughly sound. It is destined to be of increased 
importance in the future. 

The mechanical car offers controlled temperature r 
gardless of ambient weather conditions. The latest 
mechanically cooled cars are capable of automatically 
maintaining controlled temperature through a range of 
minus 10° F, to plus 70° F. Ambient conditions will 
determine if cooling or heating should be applied. The 
equipment will automatically switch from the one to the 
other as conditions dictate. Thus, we have automati 
cally controlled product protection from summer heat 
by cooling, and protection against winter freezing by 
automatic heating. 

Most mechanical cars in use today are distinguishable 
from the iced car by the louvred compartment at one 
end of the car (Figure 2). This holds the power and 


Figure 2. Current Mechanical Refrigerator Car. The first of 
these was placed in service February 1949. Fruit Growers 
Express and associated companies has 900 now in service and 
380 being built. 


refrigeration machinery. Below the car will. be seen 
large Diesel fuel tanks, carrying enough fuel to operate 
the refrigeration system for about 18 days. Many im 
provements in car construction have been incorporated 
into these modern cars, including substantial improve 
ment in insulation—something which has long been 
needed. These improvements provide better service to 
the user and deliver the load to the consumer in better 
condition. Due to lack of proper insulation, most of the 
old ice cars are not suited to the application of mechani- 
cal refrigeration. Another type of mechanical refrigera 
tor car application recently introduced uses “drop in” 
refrigeration units, installed where the icing hatches 
used to be. A Diesel-aiternator power unit is installed 
under the car along with the fuel tanks. 

The mechanical car is another development that has 
resulted from the team approach to a technical problem. 
Its success rests on the team efforts of users, car 
builders, railroads, refrigeration engineers, Diesel en- 
gine engineers, and electric and generator and motor 
engineers. The Fruit Growers’ Express Company and 
its associated companies, and the Delco, Detroit Diesel 
and Frigidaire Divisions of General Motors Corpora- 
tion played the major role in this development. The 
citrus industry has benefited from the development and 
stands to benefit further in the future. 





REFRIGERATION PROBLEMS OF THE CITRUS INDUSTRY 25 


Hydro-cooling prior to loading, combined with the 
controlled in-transit temperature provided by the car, 
offers a complete solution to the problems uncovered in 
the U.S.D.A. investigations (1) previously cited. With 
both pre-cooling and the mechanical car, the shipments 
would have arrived shipside at the proper temperature. 
The investigation further showed that some of the fruit 
suffered after shipside arriyal due to lack of icing to 
maintain refrigeration while the fruit was waitng to be 
loaded. The mechanically refrigerated car would have 
held the fruit at the proper temperature without fur- 
ther attention until it could have been loaded. 

The combinatioin of pre-cooling and the mechanical 
car deserves particular emphasis. The car has limita- 
tions, being a mobile application. These same limita- 
tions apply to refrigerated trucks. Such equipment is 
designed to maintain temperature and nof to remove 
sensible heat and heat of respiration from hot products. 
To provide refrigeration capacity in mobile equipment 
sufficient to accomplish the pre-cooling job is not 
practical. It involves too much additional non-revenue 
weight, and such equipment would take up too much 
space. The amount of heat that has to be removed from 
a hot carload or truckload of fruit or vegetables to reach 
optimum in-transit or long time storage temperatures 
may amount to 10 times that involved when the equip- 
ment has to handle only the heat which leaks through 
the walls of the truck or car, and to hold only that tem- 
perature required for pre-cooled products (6). The 
enormous load of precooling is better delegated to 
stationary pre-cooling equipment rather than saddled 
on mobile equipment. The combination of hydro- 
cooling and the mechanically refrigerated car should be 
constantly in mind in your future planning. 

Refrigeration in the retail store. Now let us turn 
to a third field of refrigeration application of interest to 
the citrus industry ; namely, low temperature refrigera- 
tion in the retail store. This is the point of contact 
between you and the ultimate consumer of your 
products. Your most valuable source of income, frozen 
juice concentrates, can be made or broken here depend- 
ing on how well the products are handled in this seg- 
ment of the distribution process. There is a need, by 
the way, for a team approach to solve some problems 
now existing at this level. 

A case study. In March and April of 1953 I made a 
trip to the West Coast. At every stop, going and re- 
turning, I visited retail stores to observe frozen food 
handling practices and equipment. In the large num- 
ber of stores visited, I found only two open type low 
temperature merchandising display cases where the 
frozen products were in satisfactory condition. During 
the whole trip the weather was mild—a top coat was 
comfortable all the time. I shudder to think of the 
quality of frozen foods dispensed from these places in 
hot summer weather. Continued observation since 
brings me to conclude that there has been some (but 
not enough) improvement. These personal observa- 
tions are confirmed by a recent survey (11). 

This survey indicates that the consumer is alert to 
the situation as shown by the following quotations from 
the report: 


1. “The average consumer in this sample was more 
interested in buying frozen foods and ice cream 
which were kept under proper refrigeration than 
in any other factor.” 

“About one respondent out of each seven con- 
tacted in this survey has made at least one un- 
satisfactory purchase of a frozen food item 
12.5% have been juices.” 
“Percentages of dissatisfaction attributable to 
causes controllable by dealer were: 
Spoiled 20.8% 
Stale 5.6% 
11.1% 


Thawed and refrozen 8.3% 


Too old 


Total 45.8%” 


“Percentages of dissatisfaction not directly at- 
tributable to either manufacturer or dealer indi- 
vidually, but for which joint responsibility should 


be accepted : 
Discolored products 6.9% 
Soft, mush products 6.9% 


Unpleasant taste 16.7% 


Total 30.5% 
It would appear that both manufacturers and 
dealers need to tighten up on inspection of the 
finished product, storage and handling, and main- 
tenance of fresh stocks of merchandise.” 


. “One out of five indicated dissatisfaction with 
handling of frozen foods; this is still too high a 
proportion for a healthy growth of frozen food 

consumption in this market.” 


“ 


Of the respondents, 69.4% commented on “sloppy, 
jumbled display, making it hard for the customer 
to find the item wanted without digging to the 
bottom of pile.” 

. “Display space too crowded” and “improper re- 
frigeration” were stressed by 2.8% and 6.5%, 
respectively 


[hese observations show unmistakably the need for 
the application of corrective measures. 

The fundamental fact that frozen juice. concentrates 
should be held at 0° F. or below, should be kept con- 
stantly in mind at all stages of the distributive process. 
This applies to all frozen foods. Let us follow frozen 
foods through the retail store, assuming that they have 
been delivered in good condition at 0° F. or below and 
see where and how we are getting into trouble when 
this temperature is not maintained. 

Trouble can start immediately after the food has been 
delivered by not getting it under zero F. refrigeration 
at once. I have seen frozen foods delivered at 8:00 in 
the morning and left standing at room temperature all 
day. Finally, at closing time, they were moved into a 
35° F. meat cooler. All of this food was subsequently 
loaded into the low temperature display cases. For 
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future reference let us call this Problem Number 1. 


What is wrong here? 
These are the answers. 
1. Lack of knowledge by the store personnel of the 
refrigeration requirements for frozen foods. 


2. Lack of supervision of lower echelons of personnel, 
and, too often, supervision no better informed. 
Lack of proper type of and/or adequate capacity 
for bulk storage of frozen foods. 

Attempting to refreeze frozen foods (either know- 
ingly or unknowingly) in display cases. 


Now, with the food in the merchandising display 
case—let us call this Problem Number 2—what do we 
find wrong here? The answers are: 

1. The cases may or may not be at 0° F. or lower. 

2. The case may be stocked with such a volume of 
frozen food, due to overemphasis of mass display, 
that a sizable portion of the food is out of the re- 
frigerated zone of the case. 


After the store has been open several hours, the 
stock of frozen foods in the case is so jumbled, 
due to customer handling, that it is a major “dig- 
ging” operation to locate what is wanted. Many 
customers turn away in disgust and do not buy. 


How can these problems be corrected? Starting with 
Problem No. 1, items 1 and 2, lack of knowledge: Con- 
sult the literature ; there is a vast amount of technical 
information available on frozen foods. Sufficient of this 
has been reduced to layman's language to correct the 
existing lack of knowledge in lower and higher echelons 
of store personnel; if an educational campaign were 
organized and sufficient time and follow-up put on it, 
it would really accomplish the job. In all fields, the 
lack of knowledge of merchandise and products at the 
retail level is appalling. We need a revival of old time 
specialty selling methods and sales training. The com- 
plexity of today’s supermarket puts the manager and 
his supervisory personnel in the category of running a 
three-ring circus. We need more specialized training 
for the retail clerks who are in direct contact with the 
customers and also of the supervisory personnel. 

Now as to lack of proper and adequate storage—I am 
going to draw an analogy to an old and common retail 
food store operation which lights the way for the solu- 
tion of this problem; namely, the retail meat market. 
No operator of a retail meat department doing any 
sizable business would attempt to operate without a 
walk-in cooler to store bulk meat backing up his re- 
frigerated display case. The trade papers have been 
bemoaning the lack of 0° F. refrigerated merchandising 
display cases to handle frozen foods in the retail store. 
Why not make better use of the cases already there in 
the way they were intended to be used? Why not place 
the bulk storage in less valuable space in the rear of the 
store using less expensive equipment? Zero degree F. 
walk-in coolers for larger stores and reach-in refriger- 
ators for the smaller stores, located in the rear of the 
store, are a solution to this problem. 
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Display cases were designed to display and sell met 
chandise—not for bulk storage. I firmly believe that 
with adequate bulk storage in the rear and frequent 
restocking of cases therefrom, some of the lack of sales 
space believed to exist will be compensated for. Ade 
quate Sack store storage will also solve the problem of 
where to put deliveries of frozen foods upon arrival 
instead of letting them sit out, or trying to store them in 
35° F. meat or produce coolers. 

There is no known rule for computing the storag: 
volume required that will apply to all stores. Too many 
factors will influence this. As a starter, where opera- 
tional experience is not available, I would suggest a 
minimum of 4 to 5 cubic feet of usable bulk storage 
volume for each cubic foot of display space. Additional 
space equivalent to the volume of the largest display 
case in the store should also be provided as a reserve 
to store products should a display case break down. 
Its products can thus be protected by moving them into 
bulk storage until repaizs are made. 

Turning now to Problem 1, item 4, refreezing in dis 
play cases—the physical limitations imposed on appli 
cation of refrigerating equipment to display cases of all 
types confines them to providing refrigeration for hold- 
ing of already cooled products (7, 8). These limitations 
are like unto those of mobile equipment previously dis 
cussed. This subject is far too complex and lengthy to 
go into any detail here. Suffice it to say that no re 
frigerated merchandising display case should ever be 
called on to do a product cooling job, much less a 
product freezing or refreezing job. The best answer 
to this is not to let the products thaw out by improper 
handling prior to their being put into the display case, 
and to maintain the cases at temperatures where they 
will not soften or thaw. This also calls for adequate 
supervision in the retail store. 

Problem 2, item 1, proper case temperatures, will 
take us partially back into item 4 of Problem 1. There 
are many low-temperature open-display merchandising 
cases now available which are capable of maintaining 
correct preservation conditions for frozen foods if they 
are applied, and if they are operated, correctly (7, 8) 
There are some rigid rules for proper installation of 
open type display cases which are too often violated 
Correction of such misapplications is usually a difficult 
and expensive task. Their relation to heating and ai: 
conditioning in the store, the effects of lighting and rela 
tion to sunlight through windows, draughts from open 
doors, etc., must all be considered. 

All of these cases require built-in provisions for auto 
matic defrosting of their cooling units. In general, this 
defrosting is satisfactory for what it was intended to do 
if properly adjusted and maintained after installation 
However, frosting will occur in other portions of t’ 
cases where it may not be visible and where defrosting 
the coils will not remove such frost (Figure 3). The 
only solution to this is regular, periodic unloading of 
the cases and shutdown for complete defrost. Most 
retailers object to this; some violently. But, until some 
method of circumventing it is available, there is no 
other solution. So, retailers have to become part of the 
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Figure 3. Hidden ice and frost formation in Low Tempera- 
ture Display case. 


team and to assume their responsibility to attain proper 
preservation of their display of frozen foods. 

Item 2 of Problem 2, overstocking, goes back to the 
same solutions we have for items 1 and 2 of Problem 1. 
Knowledge of storage conditions for frozen foods is 
required and proper supervision to assure their being 
applied is essential. Most low temperature display 
cases being marketed today have the limits of the re- 
frigerated zone very plainly marked in the case. There 
is no excuse for loading beyond this line. However, 
such practice is common, due to the zeal of the retailer 
for mass display. There is no denying that mass display 
sells merchandise. But when it sells merchandise which 
has been deteriorated because of lack of refrigeration, 
due to improper displays, repeat sales are bound to 
suffer. Again we have need for knowledge, supervision, 
and team work—with the retailer doing his share. 

Item 3, confusion oi the stock in the sales case, again 
comes back to supervision and is related to bulk storage 
facilities. Constant supervision of the products in the 
display cases, re-arranging them and replenishing them 
from bulk storage at frequent intervals, will solve this 
problem. Properly trained and well informed sales per- 
sonnel, operating a frozen food department where food 
is properly handled, and the display kept orderly and 
attractive, will sell more products and create repeat 
sales. 

One of the most vicious practices in retailing frozen 
foods is mass display without refrigeration. The re- 
tailer either does not know proper handling practice or 
is gambling on turning over his display before it thaws. 
Unfortunately, it usually does not turn over fast enough. 
This practice should be eliminated completely. 

Proper and adequate low temperature refrigeration 
and proper handling of frozen foods at the retail level 
are a matter for concern by the citrus industry. The 
frozen food and ice cream industries should also be con- 
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cerned as their products, too, are being mishandled. 
The commercial fixture industry and the refrigeration 
industry are also involved as their equipment often gets 
unjustly blamed because of the mishandling. So far, 
efforts at correction have not made too substantial 
progress, probably because they have been too infre- 
quent and scattered 
SUMMARY 

Hydro-cooling combined with mechanically refriger- 
ated railroad cars and mechanically refrigerated trucks 
deserve attention in future planning by the citrus indus- 
try. The combination will improve the quality of citrus 
products delivered to the consumer. 

Low temperature refrigeration ¢ d the handling of 
frozen foods in the retail store ~eed improvement. 
Technical knowledge upon which to found improvement 
exists and should be applied. An educational campaign 
is suggested with all concerned combining in a mass 
attack to correct current mal-practices. 
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The Time-Temperature Tolerance of 
|. Introduction—The 


Frozen Foods. 
Problem and the Attack 


(Manuscript received August 18, 1956) 


Since 1948 the Western Utilization Research Branch has 
been engaged in a major investigation designed to find out how 
frozen food products behave under conditions of time and 
temperature such as they may encounter in the commercial 
distribution system. Derivative objectives include the sug- 
gestion of improvements in raw material, processing, and 
packaging which may become apparent upon analysis of these 
results, and the discovery or improvement of tests for product 
quality. This article, introducing a series which will present 
the results of the project, describes the problem that led to 
initiation of the work and outlines the general plan of attack. 
The investigations thus far have been concerned with a num- 
ber of frozen fruit products, several vegetables, chickens and 
turkeys, and several pre-cooked frozen products. 


The problem. By 1948, the year this project was 
initiated in the Western Utilization Research Branch, 
the frozen food industry had already achieved the 
stature of a young giant, although it was less than 20 
years old as a significant factor in the distribution of 
food. Production had passed the billion-pound mark, 
and wholesale value of the products was in excess of 
$370 million. The frozen food display cabinet was 
becoming a familiar fixture in food markets throughout 
much of the Nation. Housewives, restaurants and 
hotels, institutions, and the Armed Services were buy- 
ing frozen foods not as novelties or luxuries but as 
economical and convenient staples. The recently intro- 
duced frozen orange juice concentrate had been an 
immediate success and was evidently headed for great 
developments. 

By 1948, however, industry leaders had become 
aware that the high quality potentials of frozen foods 
were not always being realized at the consumer level. 
Too many well justified complaints were being re- 
ceived. Serious deterioration of the color and flavor of 
some fruits and vegetables was being reported, and 
even mold or bacterial growth in some packages; in 
some cans of the new orange juice concentrate the con- 
tents had gelled or the cloud in the reconstituted juice 
settled rapidly. Claims for loss or damage were being 
encountered by distributors, warehousemen, and trans- 
portation companies. More serious in the long run than 
the immediate monetary losses was the probability that 
customers were being permanently lost. A bad experi- 
ence with one package of frozen food was likely to 
prejudice a housewife against all frozen foods. Per- 
ceptible slackening of demand for some products was 
evidently the direct result of consumer dissatisfaction. 
\s reported by Anderson (2), 1947 had been a severe 
disappointment to the industry. The large carryover of 
unsold stocks was attributed in part to the presence of 
inferior products on the market. 

Some of the difficulties had been traced to production 
problems such as raw material selection and handling, 
precise control of blanching of vegetables, prompt and 
careful handling, provision of satisfactory packaging, 
and the like. Extensive research had been and was 
being carried on in the effort to solve these problems. 
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The techniques and organization of quality control in 
the packing plants were being perfected and mor« 
strictly applied. 

But it was also known throughout the industry that, 
although many products were leaving the packing plants 
in excellent condition, too often they were grossly 
deteriorated by the time they were purchased in a retail 
market. Commercial distribution of these new food 
products, visualized by pioneers in the industry as a 
system unique in its degree of control of the distribution 
conditions, evidently was subject to some unexpected 
hazards. 

What, in fact, are the specifications for a satisfactory 
distribution system? Such a system must not only be 
capable of maintaining the frozen products in excellent 
condition up to the point of delivery to the consumer, 
but also it must be economically feasible. Even before 
1948 people in the frozen food industry had settled upon 
0° F. or lower as the temperature to be maintained at 
all times. Humphrey (7) commented that the ideal 
system would be a refrigerated tunnel extending from 
the packing plant to the home freezing cabinet. How 
ever, he recognized that for the time being, at least, 


something short of ideal conditions would have to b 
accepted. 

Our commercial distribution system for frozen foods 
in the United States is largely a creation of the past 20 
years, even though each of its main links has evolved 


from well-established distribution facilities. Public r 
frigerated warehouses and their associated order assem 
bly rooms have in many cases been built, or rebuilt, 
primarily to handle frozen foods. Railroad cars and 
highway trucks have been built or modified to maintain 
lower temperatures than are needed for the transporta 
tion of fresh produce. Refrigerated cabinets installed in 
modern markets are a far cry from the grocery store 
and butcher shop refrigerators of 25 years ago. The 
capital investment in specialized facilities amounts t 
many hundreds of millions of dollars. It was felt that 
better use of existing facilities might be made and dan 
gerously careless practices eliminated if critical opera 
tions could be identified and tolerable variations from 
ideal conditions be determined. Radical modification of 
facilities might be undertaken throughout the industry, 
but only upon a strong showing of necessity. 

During the years since 1948 many improvements in 
practice and large investments in improved equipment 
have, in fact, been made. Frozen food consumption has 
continued its phenomenal growth; total sales in 1955 
are estimated to have been 4.5 billion pounds. Neverthe- 
less, the problem recognized in 1948 remains a matter of 
deep concern to the industry. Too many justifiable 
complaints about poor quality are still being received. 

The research job. Technical men in the industry 
and in research agencies dealing with frozen foods were 
aware that not enough factual basis existed for the 
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decisions that needed to be made both by various in- 
terests engaged in the production and distribution of 
frozen foods and by public health agencies. A compre- 
hensive and conclusive research job was a necessary 
first step. The information needed fell into two distinct 
but interrelated fields of research : 

(1) Comprehensive survey of the temperatures and 
times experienced by frozen foods in the dis- 
tribution system, and 
Comprehensive determination of the behavior of 
commercially packed frozen foods with respect 
to quality changes, under at least as wide a range 
of times and temperature conditions as might be 
encountered in the distribution system. 


lhe second of these fields is the general subject of 
the series of publications to which this is an introduc- 
tion. We have come to refer to it as study of the “time- 
temperature tolerance of frozen foods,” and sometimes, 
in short, as “the TTT project.” The term “time-tem- 
perature tolerance” is perhaps not the best that could be 
devised to characterize the matters investigated, but 
it has attained wide currency, and does emphasize the 
dual importance of the time and temperature factors. 

Limited surveys of the temperatures and times 
actually experienced by frozen foods were already under 
way in 1948. Pentzer (11), Larson, Mixon, and Stokes 
(8), and Harvey and Redit (5) have published records 
of temperatures of frozen foods during rail and truck 
transportation. The Association of American Railroads 
and the Pacific Fruit Express Co. were making numer- 
ous records of temperature and time during transconti- 
nental rail shipment. Considerable information about 
warehouse temperatures was available. Until 1952 and 
1953 there was little more than surmise about the tem- 
perature of goods delivered at the retail stores or the 
temperatures and times experienced by packages in the 
frozen food display cabinets. Morin (9) reported some 
temperatures measured in the cabinets. The research 
staff of the Birds Eye Division, General Foods Cor- 
poration, filled many of the gaps in knowledge by 
making extensive surveys, reported by Dykstra (3) and 
by Munter, Byrne, and Dykstra (10). No doubt could 
exist after the appearance of these reports that a small 
proportion of frozen food packages experiences one or 
more actual defrostings and a larger proportion remains 
for considerable periods of time within the temperature 
range of 10° to 20° F., or even higher. 

The U. S. Department of Agriculture was naturally 
concerned with the problem that so directly faced the 
frozen food industry. Not only had this industry grown 
to be a major outlet for many farm products, but also 
Department workers had done important pioneering 
research on the freezing of foods. Frozen food packers’ 
and distributors’ associations, transportation interests, 
and The Refrigeration Research Foundation urged the 
Department to undertake a comprehensive study of 
“the temperature requirements of frozen foods.” The 
Department’s Cold Storage Research Advisory Com- 
mittee strongly recommended such research in its first 
report to the Department, dated January 1948, and has 
continued to support the work in each of its subsequent 
annual reports to the Department. Funds for initiation 


of the project were made available to the Western 
Utilization Research Branch (at that time known as 
the Western Regional Research Laboratory), where a 
major program of research on frozen foods was already 
under way. Substantial amounts of money have been 
expended by the Branch each year since 1948, at both 
its Albany and its Pasadena laboratories, to complete the 
physical facilities and carry on the experimental work. 

Many able scientists and food technologists had, in 
fact, made careful studies of the stability of frozen foods, 
starting at least as far back as the work of Fulton (4) in 
1904-5 on frozen pie-fruits. A survey of the literature 
discloses well over 100 pertinent references. Results of 
these earlier investigations on particular frozen com- 
modities will be reviewed in the articles to follow in this 
series. A new systematic study was needed to close 
several important gaps in knowledge, broaden the cover- 
age so as to take account of geographical and seasonal 
variations in products and of recently developed 
products and processing methods, and to obtain con- 
clusive information about some questions on which the 
results of previous investigators have not been con- 
cordant. 


OBJECTIVES OF THE INVESTIGATION 

Our project has therefore had the following major 

objective : 

(1) To determine how frozen food products behave 
under conditions of time and temperature such as 
they may actually experience in the commercial 
distribution system, and in this way to provide 
information comprehensive enough to enable 
industry to (a) settle upon and specify allowable 
or tolerable deviations from “ideal” distribution 
conditions and (b) concentrate efforts on im- 
provement of the more critical operations or 
areas in the system; and the following two de- 
rivative objectives: 

Upon the basis of the above results, to discover 
or devise improvements in raw material selection 
and handling, processing, and packaging, such 
that the finished products will better withstand | 
adverse subsequent experiences, and 

To seek tests of product quality that can be 
applied to a frozen food at any point in the dis- 
tribution system to indicate how much it has 
changed and, if possible, to estimate where it 
stands in the scale of commercial acceptability. 


The major objective above is particularly challenging 
because of the practical impossibility of duplicating all 
of the variations in temperature and time that may be 
experienced by frozen foods in the actual distribution 
system. The difficulty is discussed in the following 
section on “Analysis of the Experimental Problem.” 

The second objective of the current studies is to re- 
inforce continuing advances in technology by focusing 
attention on specific types of product instability which 
still cause trouble. Improvement of the initial quality 
and the stability of frozen foods has been steady and 
impressive ; just two out of many examples of progress 
are the use of ascorbic acid in the packing sirup to in- 
hibit the browning of peach slices, and the use of waxy 
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cereal flours to increase the stability of frozen white 
sauces and gravies. Nevertheless, none of the problems 
of product instability can be regarded as completely 
solved. If the source of the difficulty can be identified 
the remedy may come immediately to mind ; at any rate, 
a rational starting point for research is located. 

Our third objective has been to discover tests which 
might be applied to products at any point in the dis- 
tribution system, primarily to assist in the control and 
improvement of practice. Several investigators have 
correlated such objective changes as loss of ascorbic 
acid or conversion of chlorophyll to pheophytin with the 
gradual decline in acceptability of frozen foods during 
storage. The full significance of these tests needs to be 
determined. Others, appropriate for the many different 
kinds of frozen food, need to be devised. Objective tests 
are naturally preferred. Subjective appraisal remains, 
of course, as the basic element ; the usefulness of objec- 
tive tests generally depends upon demonstrated correla- 
tion with organoleptic evaluation. Improvement in the 
methodology of these organoleptic procedures is needed. 
Such tests may, indeed, be the only recourse in dealing 
with certain products. 


ANALYSIS OF THE EXPERIMENTAL PROBLEM 

Specific planning of experiments in which samples 
will be subjected to time-temperature schedules simu- 
lating those that may occur in actual commercial dis- 
tribution involves selection of a reasonably small num- 
ber of reproducible time-temperature patterns that, as 
a group, will substitute acceptably for the infinite variety 
of actual patterns. It is not sufficient to carry samples 
through a temperature history simulating “average” 
conditions ; something like half the frozen foods in our 
markets experience worse treatment. The planning must 
include enough variations to cover the range between 
“probably satisfactory conditions” and “almost certainly 
unsatisfactory conditions,” with a large enough number 
of single variations in pattern to enable the investigator 
to separate the effects. 

If we knew that the various deteriorative changes are 
merely additive it would be sufficient simply to study 
the effects of several steady temperatures, apply the rate 
of deterioration at each temperature to the various 
phases in the history of a frozen product, and add the 
separate parts to get the total amount of change. How- 
ever, we do not know that to be true. Experiment is 
required to determine the extent of validity of the 
hypothesis. If it is shown to be widely valid, future 
investigations of the stability of new or improved frozen 
foods will be greatly sirnplified. 

A special case which has already attracted the atten- 
tion of a number of investigators is the “fluctuating tem- 
perature.” Does repeated fluctuation of product tem- 
perature produce a specific effect different from that of 
any intermediate temperature within the fluctuation 
range? Reported experiments do not give a completely 
concordant answer, except that evidence for an irre- 
versible moisture transfer in some kinds of product 
(“cavity ice” formation) seems conclusive. Hicks (6) 
and Schwimmer, Ingraham, and Hughes (12) have 
published mathematical analyses of systems in which 
a chemical reaction takes place during a periodic fluctua- 


tion of temperature. If the temperature coefficient o/ 
the reaction is known, an equivalent steady temperature 
can be computed. This will always be intermediate 
between the highest and lowest temperatures in the 
cycle and for a positive coefficient will always lie abov: 
the arithmetic mean temperature. The analysis neces 
sarily assumes that there is no specific effect of the 
fluctuation itself, and is not applicable if two or mor 
reactions, having different temperature coefficients, pro 
ceed in the system concurrently or consecutively. If two 
such reactions do occur the net effect of exposure at on 
temperature will always be qualitatively different from 
the effect of exposure at another temperature, regardless 
of length of time. Investigation of the existence or prac 

tical importance of a situation like this is needed, not 
only for systems experiencing a periodic fluctuation in 
temperature but also for those in which temperatur« 
undergoes even one change in level during the course of 
the experiment. 

The development or improvement of various product 
tests, mentioned above as our third objective, is im 
portant only insofar as good correlations can be estab 
lished between these tests and either (a) the quality o1 
acceptability of the product or (b) the temperature his 
tory of the product since it was packed. Both types of 
correlation would be useful, although for somewhat 
different purposes. The first, resting as it does upon 
those most elusive concepts, “quality” and “accepta 
bility,” can be established only through the joint efforts 
of the laboratory scientists and experienced merchan 
disers of frozen foods because it involves making at least 
a semi-quantitative esttimate of consumer reactions. [i 
successful, it would enable an investigator to examin: 
the contents of a package and conclude, for example, 
that “While this sample is now acceptable, it will hav 
to be handled quickly and with extra care from here o1 
or the consumer will not find it so.” From the nature 
of the case, this kind of test and correlation would reflect 
the entire history of the product—raw material selectior 
and handling, processing procedure, and packaging, as 
well as all its subsequent experiences. 

A correlation of product tests with past temperatur: 
history would be aimed to make possible such state 
ments as, “This sample has been through an experienc: 
equivalent to x weeks at 20°,” or, “This sample has 
experienced at least one complete defrosting.” Exten 
sive experimentation is necessary before the possibilities 
and limitations of such tests can be known. We need, 
if possible, to separate the product characteristics which 
can only have been acquired subsequent to packing from 
all of the normal characteristics—and their variations 
of a freshly packed product. The chance of being able to 
do so will differ from one commodity to another. Again, 
the practical possibility of expressing any temperatur: 
experience in terms of equivalence to a time at som 
common-denominator temperature such as 20° F., or t 
an expression related to the horticulturist’s “degree 
days,” must be determined by experiment. As dis 
cussed in an earlier paragraph, if two or more de 
terioration reactions are involved, exposure to a higher 
temperature may not only increase the rate of change 
but also alter the qualitative character of the chang: 
For example, if a reaction which produces texture 
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change in a commodity has a greater temperature co- 
efficient than a reaction that causes darkening, loss of 
texture could be the life-limiting factor at a relatively 
high temperature level, but discoloration be the limiting 
factor at a lower temperature. No length of time at 
some intermediate temperature would be exactly equiva- 
lent in effect to either. One might note that the tem- 
perature coefficients of some reactions (for example, any 
reaction dependent on the diffusion of dissolved oxygen ) 
may be very high indeed in the range of temperatures 
where most of -ne liquid-solid phase transformation 
vecurs. 

“Defrosting indicators,” such as have been proposed 
hy Anderson (7) and others constitute a special kind of 
limited indicator of temperature experiences. Emphasis 
has generally been placed on indication of complete 
defrosting, because of rapid spoilage of some foods 
under these conditions. Our project has not been di- 
rectly concerned with development of such external indi- 
cators, but our experimental results will provide a state- 
ment of the basic requirements—in particular, what 
combinations of time and temperature are equivalent to 
one another in their effect on various products. 


THE EXPERIMENTAL ATTACK 

In view of the importance of the problem, planning 
for the work laid stress on assuring the conclusiveness 
of results. We sought to guard against findings based 
on atypical materials by repeating procurements in 2 or 
3 packing seasons and by procuring from each of the 
major producing sections for most of the commodities. 
For example, frozen strawberries, either in the con- 
sumer size or the institutional size pack, were produced 
from plants in California, Oregon, Washington, Ten- 
nessee, and Louisiana, snap beans from Oregon, Tennes- 
see, California, and New Jersey. Forty different “lots” 
of frozen peaches have been procured, totaling some 
6000 separate packages, and altogether more than 50,000 
packages of the various commodities have been obtained 
and put under test." For the frozen fruits and vegetables 
these conditions virtually dictated the use of commer- 
cially packed materials. In addition, however, small 
experimental packs have been included in the test in 
some cases in order to furnish additional information 
about the effects of processing variables. Poultry 
products and precooked foods were in part prepared 
in the laboratory, in part purchased from commercial 
producers. Use of commercially packed goods of course 
offered the additional advantage that when a sufficiently 
broad selection was made the results of the work would 
undeniably be directly applicable to industrial opera- 
tions. Purchased lots of the various commodities were 
usually packed in the presence of a member of our staff ; 
full information on the raw material and processing 
conditions was obtained. Some lots were of commercial 
grade A product, others were grade B. The major com- 
mercial freezing methods were represented by lots pro- 
cured from the different plants. Shipments to the 
laboratory were made at below zero temperature. 


"A substantial proportion of the frozen foods tested has been 
purchased with funds made available by the Refregiration Re- 
search Foundation under a Memorandum of Understanding with 
the Department. 


Commodities included in the study so far are straw- 
berries, peaches, red sour cherries, raspberries, Califor- 
nia orange juice concentrate, peas, snap beans, spinach, 
cauliflower, whole ready-to-cook turkeys, cut-up chicken 
fryers, cut-up stewing hens, several precooked poultry 
products, and sauces and gravies used in precooked 
items. Other fruit and vegetable products, additional 
precooked foods, and certain cooked and uncooked 
bakery goods will be included in future studies. No 
plans have been made to study such other classes of 


ther than poultry), fish and other 


frozen food as meats 
seafood, and dairy products 
Design of the experiments has embraced exposure of 
samples to a variety of temperature patterus simulating 
several degrees of adversity in distribution conditions; 
to several temperature patterns designed to test the 
additivity of effects; to temperatures fluctuating regu- 
larly over several different ranges for a long period of 
itained steadily at —-30°, 
20°, —10°, 0 25°, 30°, and 
40° F.—those at the lower temperatures for extended 
periods of time. One of the patterns simulating a possi- 
ble transportation experience is shown in Figure 1. The 
first 11 days of this pattern were taken from an actual 
record of transcontinental shipment of frozen food— 


time ; and to temperatures mait 


- 
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not necessarily a typical or average experience. A pat- 
tern simulating a possible experience in the break-up 
room and the retail cabinet is shown in Figure 2; this 
is an assumed temperature pattern, not based upon an 


actual record 


In one series of experiments the following combina- 


tions of exposures were carried out 
(a) The pattern of Figure 1, then 8 months at 0° F., 
then the pattern of Figure 2 


(b) Eight months at 0° F., followed in succession by 
the patterns of Figures 1 and 2 


(c) The pattern of Figure then immediately the 
pattern of Figure 2. 


(d) The pattern of Figure 2 onl 
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Figure 1. Product temperature measured during an actual 
shipment—used as one of the simulated transportation temper- 
ature patterns. 
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Figure 2. Temperature pattern simulating a possible experi- 
ence in the break-up room and the retail cabinet. 


Other patterns representing both worse and better con- 
ditions have been used. 

The temperatures of primary interest are, of course, 
those experienced by the frozen prodr >t itself, rather 
than ambient air temperatures. Any one test required 
exposure of as many as 700 packages to as nearly as 
possible identical but time-varying conditions, and re- 
peating the identical exposure with new lots of material 
in one or two subsequent years. Experiments on the 
effect of temperature fluctuation involved sine-wave 
variations of temperature on a 24-hour cycle, with 
amplitudes of as much as 20° F. These requirements 
dictated that in experiments including variations of 
temperature with time individual packages (rather than 
cased goods) should be exposed in the test chambers to 
air circulating at a carefully controlled velocity. Auto- 
matic program-control of the temperatures was essen- 
tial. In order to carry out a variety of different ex- 
posures simultaneously on the same lot of frozen ma- 
terial a battery of these test rooms was required. Nine 
have been installed and used in the Albany laboratory 
of the Western Utilization Research Branch. Their de- 
sign involved solution of several unprecedented prob- 
lems. Engineering features will be described in publica- 
tions elsewhere by the Engineering and Development 
Section of the Branch. Figure 3 is a view into one of 
the test rooms, showing sample packages arrayed on the 
shelves ; air of controlled temperature circulates around 
the packages from the perforated wall of the plenum 
chamber back of the shelves. Other refrigerated rooms 
were also available in the Albany laboratory for storage 
at steady temperatures. Two smaller test chambers, of 
less elaborate design, were installed in the Pasadena 
laboratory of the Branch and used for the tests on frozen 
orange juice concentrate. 

Samples removed from the test rooms according to 
the planned schedule were examined both organolepti- 
cally and by such objective tests as were appropriate to 
the commodity. Objective tests included various chemi- 
cal determinations and physical measurements, and also 
determination of changes in the number and character 


of the microbiological flora in the product. The panels 
of judges for the organoleptic tests were composed of 
members of the laboratory staff who are trained in 
these procedures and are acceptably consistent in acuity 
of perception. In addition, experienced persons from 
various segments of the frozen food industry have on 
several occasions examined groups of samples that had 
been subjected to a graduated series of damaging ex 
posures, and have recorded their estimates of probable 
consumer reaction. It may be anticipated, of course, 
that the first detectable change will generally be picked 
up under controlled laboratory conditions earlier than 
under conditions of ordinary consumption. Evaluation 
of the significance and use of such tests as these, and 
translation of the results of the “time-temperature toler 
ance” investigation into terms of improved practices, 


Figure 3. Several poultry products under test in one of the 
refrigerated rooms specially constructed and used for this work. 


standards, or regulations, will be matters for considera 
tion and decision by all the interests concerned. 

One generalisation apparent both from work on this 
project and from published reports by others is that the 
quality and acceptability of frozen foods are eroded 
away by every experience, whether it be holding for a 
long time at even a “good” temperature or experience 
of a higher temperature for even a short time, and thi 
erosion ts progressive and irreparable. Workers on thi 
project have a saying, “Frozen foods have a memory 
for adverse experiences.” The reader of articles in this 
series is therefore urged to interpret the results in terms 
of the integrated sequence of all the many steps between 
production of the commodity and delivery of the product 
to the consumer. Every one of these steps subtracts 
something—much or little as may be—from the qualit) 





TIME-TEMPERATURE TOLERANCE OF FROZEN FOODS. | 33 


Publication Plans 

Detailed results of the investigation will be presented in Foop 
‘TECHNOLOGY as soon as available for publication during the next 
several years. The first such detailed report appears elsewhere 
in this issue. Versions of the results written from the standpoint 
of the particular interests of various segments of the frozen food 
industry will also be offered to appropriate trade publications, 
both in this country and abroad. It is expected that eventually 
a full review of the entire investigation will be brought together, 
possibly as one or more U. S. Department of Agriculture 
bulletins. 
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Of Frozen Peaches 
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Wruen PREMIUM QUALITY PEACHES are properly 
harvested, handled, processed, and frozen, they are 
probably one of the best frozen fruits commercially 
available today. During the past 25 years a great deal 
of study has been devoted to variety selection, harvest 
maturity, processing techniques, and freezing methods 
(15). This effort has led to notable advances, especially 
in the field of processing. The introduction of sirup as 
a packing medium and the discovery that ascorbic acid 
retards the development of surface discoloration were 
among the foremost developments in frozen peach 
processing technology (2, 3, 9, 10, 15). It was also 
recognized that proper storage temperatures are neces- 
sary to retain the top initial quality made possible by 
proper harvesting, handling, processing, and freezing 
(4,16). Over a period of years, 0° F. was selected as a 
practical and satisfactory storage temperature with re- 
spect to economy and quality retention. It has been 
shown, however, that product temperatures of 0° F. 
are not always maintained during the distribution of 
frozen foods (13, 14). The general problem of quality 
loss during transportation and distribution is discussed 


Kenneth Plummer, Pacific Fruit Express Co. The counsel re- 
ceived from H. C. Diehl, Director of The Refrigeration Re- 
search Foundation, has been especially helpful. 
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by Van Arsdel in the first article of this series (18). 
The present report is concerned with the effect of vari- 
ous time-temperature experiences (including steady and 
fluctuating temperatures and simulated distribution pat- 
terns) on quality of commercially packed frozen peaches. 


MATERIALS AND METHODS 

All the frozen peaches used in these experiments were pur- 
chased from commercial processing plants located in California, 
Washington, and Georgia. Samples were obtained during 5 
seasons and represented the major commercial freezing varieties 
which are used in these areas. Generally, the peaches were 
sorted for maturity, peeled with lye or steam, cooled and washed, 
pitted, sliced and packed in 50-55° Brix sirup containing ascor- 
bic acid. Most of the samples were packed in composite metal- 
end cartons (10-, 12-, and 16-o0z. sizes) and a limited number 
in hermetically sealed 10%4-oz. tin cans. Most of them were 
frozen in air-blast freezers operated at 0° to —20° F. and some 
were frozen in plate freezers operated at —20°F. After 
freezing, the samples were shipped to Albany, Calif., in insulated 


containers refrigerated with dry ice to maintain temperatures 


below 0° F, 

During this 5-year period 52 different “lots” of peaches 
ranging from 120 to 900 packages each were obtained. Each lot 
was selected so as to include as many different commercial 
variables as possible ; these included variety, maturity and ripen- 
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ing practices, locality, packaging material, etc. The fruit in each 
individual “lot”, however, was as uniform as possible under 
commercial operating conditions. 

Storage of several samples at temperatures between 0 and 
30° F. repeatedly indicated the development of similar deteriora- 
tive changes; the major differences due to temperature were 
with respect to rate of deterioration, and therefore 20° F. was 
selected as a convenient temperature for comparison of the 
storage behavior of different “lots” of fruit under accelerated 
conditions. In order to determine effect of temperature on rate 
of deterioration, several “lots” were stored at 0°, 10°, 15°, 20°, 
aud 25° F. for varying times. To determine the effect of various 
time-temperature sequences on quality deterioration, samples 
were exposed to 10, 15, and 20° F. for one and two weeks, then 
cooled to 0° F. and held there for intervals of 3 months and 
one year. Following these storage periods at 0° F. the samples 
were again stored at 10° and 20° F. Other samples from the 
same lot were stored at 10° and 20° F. after 3 months and one 
year of storage at 0° F., but without prior storage at 10°, 15°, 
and 20° F. The purpose of this experiment was to determine 
whether the deteriorative changes were essentially additive or 
cumulative, or whether initial exposure to higher temperatures 
in some way caused a more rapid rate of deterioration during 
subsequent exposure to unfavorable temperatures. 

The effect of actual transportation and distribution practice 
was estimated by constructing various time-temperature pat- 
terns which the product might experience during transportation 
cross country and subsequent distribution. These temperature 
cycles were patterned after determinations of product tempera- 
tures encountered during transportation, distribution, and retail 
cabinet storage (1, 1/4). These patterns were automatically dupli- 
cated in refrigerated rooms specifically designed for this pur- 
pose (12). A typical example of one of these patterns is shown 
in Figure 1. A part of the packages from each lot was held at a 
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Figure 1. Variation in product temperature during simulated 
transportation and distribution. 
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steady temperature of —20° F. These served as controls for the 
samples stored at higher temperatures. After each storage 
period at the experimental temperatures 4 to 6 packages from 
each lot were removed and immediately cooled to —20° F. All 
experimental and control samples were held at this temperature 
until they were evaluated. 

Organoleptic evaluation. Three methods of organoleptic 
evaluation were used. Regardless of the specific method used, 
all samples were thawed in front of an electric fan at room tem- 
perature (approximately 70° F.) for 2 hours. 

The thawed fruit was placed in white enamel pans and scored 
for each of the following factors on a rating scale of 8 to 1: 
color, flavor, and overall quality. Three experimental samples 
and one hidden control were compared against a labeled control 
assigned a score of 8.0 for all quality factors. Each sample was 
replicated 3 to 4 times by 10 to 15 trained judges, and the scores 
were averaged and statistically analyzed. 

Most of the samples were evaluated by the triangle method, 
since it was found early in the experime.its that it is especially 
sensitive in the discovery of small flavor and color differences. 
The samples pere thawed, placed in white enamel pans, and 
evaluated for color under standard daylight lamps. Immediately 


after judging color, any severely browned slices were discarded 
and each remaining slice was cut into 3 or 4 pieces. This r 

duction in piece size facilitated mixing of the sample and re 
sulted in more uniform servings for flavor evaluation. Flavor 
was evaluated under subdued lighting so as to eliminate colo 
differences between stored and control samples. Ten to 15 
trained judges were used for the color and flavor evaluatior 

and significance of the results was obtained from TJables of th 
Binomial Probability Distribution (17). The organoleptic test 
were made after successive storage periods at various tempera 
tures, resulting in 6 to 10 tests for each temperature or tem 
perature cycle with 2 to 3 replications for each test. Results 
with the triangle test at a probability level of 0.05 to 0.01 are 
considered as barely noticeable differences for either color 01 
flavor and are generally referred to as first detectable differences 
corresponding to 11 to 12 correct judgments out of 20, or 15 
to 17 out of 30. 

Because it was felt that first detectable differences by the tri 
angle test were generally smaller than those which would lb« 
readily apparent to the consumer, an approximation of « 
sumer reaction was considered desirable. 

An estimate was obtained by submitting samples representing 
varying degrees of time-temperature damage to groups ol 
quality-control experts and industry executives. The quality 
contro! experts were well acquainted with the type and naturé 
of quality defects that result in consumer complaint. Thes: 
people graded the samples as good, acceptable, poor, or suffi 
ciently poor to cause consumer complaint. These groups ranged 
from 19 to 54 persons and were able to make 4 evaluations on 
material obtained during different seasons. 

Chemical and physical methods. Four packages from each 
time-temperature experience were thawed and then drained for 
2 minutes on 8-mesh stainless-steel screens. From the packag: 
net weight and drained weight the percentages of fruit and 
drained sirup were calculated. 

After draining, all noticeably discolored slices were counted 
and expressed as number of brown slices per package. Intensity 
of browning was determined by placing slices in matched glass 
dishes and taking reflectance measurements on the Hunter Color 
and Color Difference Meter. The instrument was standardized 
with a visually matched standard tile obtained from National 
Bureau of Standards. The values used for this tile (SBC-35 
were as follows: Rd = 54.0, a = 1.0, b = 32.0. 

Ascorbic acid was determined by the method of Loeffler an 
Ponting (11) on composite samples of drained fruit and drained 
sirup. Soluble solids were determined by refractometer a: 
expressed as percent sucrose. 


RESULTS 


Effect of browning on overall quality. During 
the 5-year period over 10,000 packages of frozen peaches 
have been stored under a variety of time-temperatur: 
conditions and examined for changes in quality. With 
out exception, the first, most important, and most 
noticeable quality change in samples stored above 0° F. 
has always been browning or oxidation of slices exposed 
to the headspace atmosphere. It is well known that 
when a package of frozen peaches is viewed in a bow] o1 
pan, the presence of discoiored or brown slices tends to 
influence the judge adversely with regard to overall 
quality. As shown in Figure 2, there is an essentiall) 
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Figure 2. Effect of number of brown slices on average over 
all quality score. 
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linear relationship between quality score assigned by a 
trained panel and number of brown slices per package. 
\s brown slices increase, average quality score de- 
creases, indicating that overall quality of a given pack- 
age of peaches is largely judged on the basis of oxidative 
discoloration. Undoubtedly the acceptability of frozen 
peaches to most consumers is also largely influenced by 
the presence or absence of undesirable discoloration. In 
this connection it is interesting to note that the four 
groups of quality control experts and industry repre- 
sentatives who graded a series of samples representin:; 
varying degrees of damage were almost unanimous i 
their opinion that discoloration is of utmost importance 
in determining acceptability of frozen peaches. Based on 
the color of experimental samples, these groups were 
also practically unanimous in their opinion that storage 
of average commercial samples of frozen peaches at 
20° F. for one to two weeks causes enough discoloration 
to rate the product low in quality or sufficiently poor to 
cause consumer complaint. These expert opinions on 
consumer reaction are in good agreement with subjec- 
tive color results obtained by our trained panels. 
\pproximately 90% of the 52 lots examined for color 
changes were found to be significantly altered after one 
to two weeks at 20° F. Therefore the first color changes 
detected by trained panels using the triangle test are 
considered objectionable and commercially undesirable. 
In view of the paramount importance of color, most of 
this paper will be devoted to factors affecting changes in 
color during storage at temperatures above 0° F. 

Up to this point evidence has been presented that 
browning influences the assessment of overall quality of 
the pack, without reference to flavor. Actually Table 1 


TABLE 1 


Relative rates of color and flavor change in 
retail packs of frozen sliced peaches 


Days required to become significantly 
different from —20° F. control 


lemperature, ° F — 
Color Flavor? 


17 42 
6 17 


4 10 


' Refers to flavor of relatively unbrowned fruit 


shows that significant color changes appear in approxi- 
mately one-third the time that detectable flavor changes 
occur in unbrowned slices during storage at 15 to 25° F. 
The flavor of severely browned slices is altered as a 
result of browning, and the flavor change varies directly 
with degree or intensity of browning. These results are 
typical of the many samples examined at these tempera- 
tures and indicate that storage life of frozen peaches at 
the temperatures considered could be approximately 
tripled if oxidative color changes could be controlled or 
eliminated. 

Effect of container fill. It has been reported (7) 
that in carefully prepared laboratory packs stored at 20 
to 28° F., the number of brown slices per package was 
determined by degree of container fill. Browning in 
composite containers was materially reduced when 
package headspace was practically eliminated by in- 
creasing amounts of sirup. 

The weight distribution of one large lot of 957 com- 
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Figure 3. Distribution of package net weight in a single 
“lot” of commercially frozen peaches. 


mercial samples (12-ounce size) is shown in Figure 3. 
From this distribution chart, it is clear that variation 
in package net weight is considerable. Furthermore, it 
is unfortunate that packages containing the correct net 
weight for their particular size have enough free head- 
space to allow a serious amount of browning when stored 
at elevated temperatures 

Figure 4 shows a fair linear relationship between net 
weight and number of brown slices in 16-ounce com- 
posite containers stored at 20° F. for 2 weeks. Pack- 
ages with a net weight of 16 ounces averaged 5 to 6 
brown slices per package under these experimental con- 
ditions. Since most packages contained approximately 
20 slices, the number of brown or discolored pieces 
ranged from 25 to 30% of the total. This amount of 


discoloration seriously damages the appearance and 
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Figure 4. Effect of net weight on number of brown slices 
per package. 
acceptability of the product. The only samples that re- 
mained relatively free from discoloration (1 brown slice 
or less) under this time-temperature condition were 
more than 2 full ounces overweight. The points on the 
graph represent lots obtained from various plants; this 
fact may explain in part the rather wide variation in 
net weights. However, most of the packages weighed 
16 + .75 ounces. The fact that the relationship between 





36 FOOD TECHNOLOGY, JANUARY, 1957 


browning and net weight was obtained with different 
lots representing different varieties, localities, and 
processing conditions rather conclusively demonstrates 
the paramount importance of container fill in limiting 
the number of discolored slices during storage at un- 
favorable temperatures. 

Table 2 demonstrates further the profound effect of 
container fill on quality of frozen peaches stored at 
unfavorable temperatures. It is interesting that prior to 
storage at 20° F., all samples were scored from 7.4 to 8.0 
regardless of package net weight (14.8 to 19.0 oz.). 
Apparently, peaches packed in sirup containing ascorbic 
acid retain their quality reasonably well if stored at 
temperatures of 0° F. or below, even if there is con- 
siderable headspace. When stored 7 to 25 days at 
20° F., however, a rapid quality loss occurs in samples 
whose net weights are in the range of 14.8 to 16.2 oz. 
On the other hand, practically no change in quality 
occurred in the net weight range of 19.0 oz. and above, 
even after 76 days at the same temperature. Since it has 
already been shown that overall quality is inversely 
related to number of brown slices per package, it is evi- 
dent that no important amount of browning occurs 
during storage at 20° F. for 77 days in samples con- 
taining 19.0 oz. or over. Furthermore, it is also apparent 
that quality deterioration, other than browning, did 
not occur to any great extent; otherwise, it would have 
been reflected in a much lower quality score. 


TABLE 2 


Effect of package net weight on the quality of frozen 
peaches stored at 20° F. 





Average quality scores * 
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*8.0 = good, 6.0 fair, 4.0 = poor, 2.0 = very poor. 
* Significantly different from control at the 5% level. 


Number of brown slices and browning intensity. 
In assessing quality of frozen peaches by counting 
brown slices per package, it is recognized that intensity 
of discoloration i. also a major factor. As might be 
expected, intensity of browning increases in direct rela- 
tion to number of brown slices per package (in com- 
posite containers) and therefore a count of brown slices 
gives a measure of intensity as well as extent of dis- 
coloration (Figure 5). The color measurements are 
averages of 4 readings taken on the slices counted as 
brown and located on the surface of the thawed package. 
As the number of brown slices increases, both Rd and 
b values decrease in essentially linear fashion. The Rd 
value measures percentage of light reflected from the 
surface, and as the slices become darker, more light is 
absorbed and hence the percentage of reflected light or 
Rd value decreases. The b value essentially gives a 
measure of yellowness, and as a result of enzymatic 
oxidation of phenolic compounds, the yellow flesh color 
is masked or “covered up” to an extent depending upon 
the degree of oxidation. Therefore, as degree or in- 


HUNTER COLOR UNITS 


ae aS ee ee ee Se ES 

2 4 e 8 10 12 14 16 
AVERAGE NUMBER OF BROWN SLICES/ PACKAGE 

Figure 5. Relationship between Hunter color measurements 
and number of brown slices per package. 








tensity of oxidation increases, the apparent yellowness 
of the flesh decreases and consequently the b value also 
decreases. Since both the Rd and b values decrease in a 
parallel manner with increasing browning, it is reason 
ably certain that development of brown-black pigments 
is the principal reason for the decrease in both values. 

Ascorbic acid and browning. In the commercial 
preparation of frozen peaches it is customary to add 
ascorbic acid to sirup and meter a predetermined 
amount of sirup and acid into containers prior to filling 
with slices. The amount of ascorbic acid in the package 
is therefore determined by the amount of sirup, which 
also affects the degree of fill. Figure 6 shows the rela 
tionship between brown slices and ascorbic acid content 
of the sirup-juice mixture draining from the thawed 
peaches. As expected, the ascorbic acid content de 
creases as number of brown slices increases. However, 
it is important to note that this is the same general rela- 
tionship observed between number of brown slices and 
package net weight (Figure 4). Since the ascorbic acid 
content of a given package is directly related to the 
amount of sirup added and since amount of sirup largely 
determines the degree of fruit coverage and package net 
weight, it is clear that degree of sirup coverage pri- 
marily determines extent of browning as well as ascor 
bic acid content of the package. 
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Figure 6. Relation between browning and ascorbic acid 
content of drained sirup. 
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A clearer picture of the effectiveness of ascorbic acid 
alone in preserving natural color of sliced peaches is 
shown in Figure 7. As the ascorbic acid in drained 
slices is reduced, an increasing degree of browning is 
indicated by the decline in both Rd and b values. There 
is an essentially linear relation between Hunter readings 
and ascorbic acid content of slices in the range of 0 to 
10-11 mg./100 g. From about 10 to 17 mg./100 g., the 
Hunter readings tend to level off, indicating that 
relatively little browning took place in this range. 
However, it is important to note that slices must be 
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Figure 7. Relation between Hunter color measurements and 
ascorbic acid content of the drained slices. 





submerged in sirup in order to absorb and retain sufh- 
cient ascorbic acid to prevent browning during storage 
at high temperatures. Even though completely im- 
mersed in sirup-ascorbic acid solution temporarily, 
slices which float in the solution and become exposed to 
oxygen in the headspace quickly lose the small amount 
of ascorbic acid adhering to their surfaces. On the other 
hand, submerged slices are protected from oxygen and 
retain ascorbic acid and natural color much longer. 
Figure 8 shows this relation for several lots obtained 
from two areas and stored at 20° F. Color of sub- 
merged slices, as measured by Hunter Rd value, did 
not change significantly during 65 days of storage. This 
was true of peaches obtained from both areas. In the 
exposed slices, however, a very rapid drop in Rd value 
occurred during the first 2 to 3 weeks. Thereafter, the 
Rd value decreased gradually, approaching a minimum 
corresponding to the maximum browning which is de- 
termined by the tannin and enzyme content of the 
peaches (6). Generally, the exposed portions of the 
Northwest peaches were more intensely discolored than 
those obtained in California. However, the differences 
in rate and extent of discoloration attributed to these 
two areas are insignificant when compared to the dif- 
ferences that occur as a result of varying headspace or 
net weight. 

Effect of steady temperatures on ascorbic acid con- 
tent and browning. Since extent of browning in 
commercial samples has been shown to depend almost 
entirely on package net weight, the effect of temperature 
was determined on one large lot of 12-0z. containers in 


which all packages not falling in the range of 12 to 13.4 
oz. were discarded. The samples within this range were 
randomized in such a manner that package weight dis- 
tribution was practically the same for all storage tem- 
peratures. Therefore, the average net weight of samples 
for any given time-temperature experience was essen- 
tially the same even though the individual package net 
weights were different. Total ascorbic acid losses for 
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Figure 8. Effect of storage at 20° F. on the reflectance of 
exposed and submerged slices. 
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Figure 9. Effect of storage temperature on the ascorbic acid 
content of commercially packed frozen peaches (one uniform 
lot). 
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various times and temperatures are shown in Figure 9. 
A slight loss occurs after one year at 0° F., while prac- 
tically all of the original ascorbic acid is lost after 
storage at 10° F. for the same period. 

Since rate of loss for all temperatures is essentially 
linear until most of the ascorbic acid is oxidized, it may 
be useful to express the rate of loss for the linear por- 
tion of the curves as the amount lost per day. For this 
particular lot of peaches the rate of loss per day would 
then be 0.015, 0.135, 0.260, 1.55, and 3.03 mg./100 g. 
at 0°, 10°, 15°, 20°, and 25° F., respectively. 

Although ascorbic acid is added to commercially 
frozen peaches to retard browning, it is evident that if 
the product were maintained at 0° F. this vitamin would 
be retained well enough to supply a significant portion 
of the minimum daily requirement. It is also evident 
that exposure to 20° to 25° F. for as little as one to two 
weeks makes the average pack of frozen peaches prac- 
tically useless as a source of vitamin C. 

Since a linear relationship between number of brown 
slices and ascorbic acid has been found, it is not sur- 
prising that the effect of temperature on browning is 
very similar to that for ascorbic acid reteniton. Figure 
10 shows the relation between number of brown slices 
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DAYS OF STORAGE 
Figure 10. Effect of storage temperature on the incidence 
of browning in a uniform lot of commercially packed frozen 
peaches. 


and days of storage at various temperatures. As for 
ascorbic acid loss, the initial browning rates are essen- 
tially linear for all temperatures. Incidence of brown- 
ing averages less than one brown slice per package at 
0° F. for 1 to 2 years and intensity of discoloration for 
this time and temperature is considered slight. For 
periods up to two months, only a minor difference in 
browning was noted between 10° and 15°F. After 
about 3 months, however, a rather marked difference in 
browning was observed between these temperatures. 
Apparently in the range of 10° to 15° F. there is a 
period of one to two months during which color changes 
are very similar. This similarity between 10° and 15° F. 
is even more pronounced when intensity of discoloration 
is considered (Figure 11). Up to 4 months there was 
some difference in the number of discolored slices, but 
intensity of browning was practically the same at. the 


two temperatures. Storage beyond 4 months was re- 
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Figure 11. Effect of temperature on the intensity of brown 
ing as measured by the Hunter “b” value. 





quired to show definite differences in color intensity 
between 10° and 15° F. At 20° and 25° F., however, 
both incidence and intensity proceeded at very rapid 
rates. The graphs representing incidence and intensity 
both show rather large differences in rate between 0 
and 10° F. and 15° and 20° F. It is significant that 
these fairly rapid browning rates occurred in samples 
whose net weights were 12 oz. and over and therefore 
cannot be ascribed to slack fill. 

In general, 3 to 4 brown slices per package are suffi 
cient to cause a definitely detectable difference when 
compared to controls and are considered to detract 
seriously from acceptability. Figure 12 shows the rela 
tionship between storage time at 20° F. and brown slices 
per package for several different lots obtained over a 
5-year period. The large variation in brown slices for 
each of the storage periods is largely due to differences 
in degree of container fill, since none of these lots was 
segregated with respect to net weight. In spite of thes 
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DAYS OF STORAGE 
Figure 12. Effect of storage at 20° F. on the incidence of 
browning in various “lots” of commercially frozen peaches. 





uncontrollable variations in net weight, there is a gen 
eral trend of increased browning with storage. Whil 
several varieties were used, none appeared to be con 
sistently better than others with respect to browning 
because of the variations in container fill, which nullified 
any real differences that might have been due to variety 

Cumulative effect of storage above 0°F. Flavor 
and color comparisons indicated no significant differ 
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ences between samples stored at 10° to 20° F. initially 
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and those stored at these temperatures after 3 months 
or one year at 0° F. Even when storage at 10° and 
20° F. was split by a 3-month or one-year period at 
0° F., so that storage at the higher temperatures oc- 
curred both prior and subsequent to holding at 0° F., 
the total accumulated quality changes were not essen- 
tially different from those during equivalent uninter- 


> 


° x 


to 


UNBROKEN STEADY STORAGE AT 20°F 
4 20°F STORAGE EITHER PRECEDING, FOLLOWING, 

OR INTERRUPTED BY 3 MONTHS OF O*°F STORAGE 
© 20°F STORAGE EITHER PRECEDING, FOLLOWING, 

OR INTERRUPTED BY 1 YEAR OF O*F STORAGE 


AVERAGE NO. OF BRCWN SLICES/PACK AGE 
oO 


Se eee 
36 42 as 


TOTAL DAYS OF STORAGE AT 20°F 
Figure 13. Cumulative effect of storage on browning of 
frozen peaches. 


rupted storage. Figure 13 shows that color changes in 
frozen peaches exposed to 20° F. with intervening 
storage at 0° F. for up to one year are truly cumulative 
or additive. That is, 2 weeks at 20° F. causes approxi- 
mately the same damage regardless of whether it is 
exposed immediately after packing or after one year 
at 0° F. or one week before and one week after a year’s 
storage at 0° F. These findings also indicate that little 
or no damage occurs during one year at 0° F. even 
though the fruit was previously exposed to temperatures 
allowing quality changes to take place. Elaborate and 
extensive combinations of 10° and 15° F. storage with 
prior or subsequent exposure to 20° F. also failed to 
reveal anything except additive changes. Over a 
thousand packages were used in experiments on effect 
of various temperature sequetices, and none of the data 
suggests that certain initial temperature sequences give 
rise to induction periods followed by markedly increased 
rates of deterioration during subsequent exposure to 
elevated temperatures. 

Effect of simulated practices in transportation, 
storage, and distribution. The original ascorbic acid 
content and percent retention during storage at 20° F. 
and simulated distribution practice are shown in Table 
3. In spite of the approximately two-fold variation in 
original amount of ascorbic acid (17 to 35 mg./100 g.) 
found in the various lots, the percentage retention for 
any given storage condition generally did not vary more 
than 10 to 15%. The approximate percentage reten- 
tion after 2, 4, 6, and 8 weeks’ storage at 20° F. was 
50 to 60, 30 to 40, 17 to 27, and 7 to 17, respectively. 
lhe retention data for the various distribution segments 
indicate 70 to 80% retention after the simulated trans- 
portation cycle which roughly corresponds to steady 
storage at 20° F. for 6 days. However, if this cycle is 
followed by exposure to 30° F. for 2 to 3 days, the re- 
tention drops to 30 to 45% and approximates storage 
at 20° F. for 4 weeks. On the other hand, if the product 


is maintained at 10° F. during the same distribution 


TABLE 3 
Comparison of storage at 20° F. and simulated 
distribution practice on ascorbic acid retention 


Ascorbi acid retention, % 

Original! 
A.A. con 
tent in 

mg./100 g 


Distribution 
schedule * 


RB, RD, 


20 76 
26 70 
26 68 
23 67 
24 76 
22 73 
63 
70 
70 


70 


cycle, very little 
additional ascorbic acid is k and even after an addi 
tional 5 days at 20° F., the retention is in the range of 
50 to 60%, which corresponds to 1 to 2 weeks’ storage 
at 20° F. Although calculations for the interval from 
RB, to RB, suggest that the rate of ascorbic acid loss at 
20° F. is somewhat greater after the samples have been 
thawed, the variations in commercial samples were too 
great to establish this point clearly. However, since 
the possibility of increased rate of loss after thawing 
hly important to guard against 


period following 


definitely exists, it is hig 

thawing temperatures 
The percentages 

and flavor changes in 


wn slices and subjective color 
10 typical lots of commercial 
same simulated distribu- 

These data demon- 

strate again the paramount importance of package net 
ard to changes in color 


samples during exp 
tion schedule are shi 


weight IT degre c 


during exposure t temperatures. 


TABLE 4 
Quality changes occurring during a simulated 
distribution schedule 


slices per package 
RD, 


5* 241.3 

4% 301%, 

5! 171 
19' 
19! 
19! 
13? 
9 
& 
10 


RB RD 


61 using tri 


1 using triangle 


nost average cCotl- 


Generally it wou l 
in withstand a trans- 


ercial packs of 
one shown in Figure 1 


portation cycle simi 
However, 


without significant wr flavor damage. 
it should be emphasized that even though a given time- 
temperature experience does cause a significant 
quality change, the storage life of the product during 
subsequent exposurt elevated temperatures will be 
reduced by an amount depending on the severity of the 
original time-temperature experience 

It should be noted also that damage may readily occur 
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if container fill is not well controlled, and that slices in 
more completely filled containers are better protected 
against color damage. Lots 8, 9, and 10 (best container 
fills) apparently withstood distribution schedules R, 
RD,, and RD, without significant color or flavor 
changes while the remaining lots all showed varying 
degrees of color change during these time-temperature 
sequences. The R, RB,, and RB, sequences clearly 
show that exposure to 30° F. for even a few days fol- 
lowing transportation causes very serious discoloration 
in even the better filled samples. In every lot exposed 
to this sequence both color and flavor were significantly 
changed. However, as shown earlier, where the time- 
temperature sequence was not so severe (R, RD,, and 
RD,), in most instances significant color changes 
appeared before flavor differences became noticeable. 
As for ascorbic acid retention, the color and flavor 
changes during this distribution schedule can be re- 
lated to those at a steady temperature above 0° F. For 
example, the color damage as a consequence of R and 
RD, is similar but somewhat less than that during stor- 
age at 20° F. for 1 and 2 weeks, respectively. As men- 
tioned earlier, there was no evidence that the changes 
with variable temperatures were significantly different 
from those at steady temperatures. The important fac- 
tor in determining degree of damage is the total accumu- 
lated time-temperature experience regardless of the 
manner in which the experience takes place. 

Effect of fluctuation. Commercial packs of frozen 
peaches were subjected to regular sine wave fluctuating 
air-temperature cycles from —5° to +5° to —5° F. 
and from 0° to +20° to 0° F. In both instances each 
complete cycle was repeated once every 24 hours. In 
the —5 to +5 cycle the product temperature lagged 
behind the air temperature by 2 to 3 degrees and the 
maximum and minimum temperatures attained were 
between +3° to 4° F. and —3° to 4° F. In the 0° to 
20° F. cycle the product temperature varied between 
2° and 18° F. and lagged behind the air temperature by 
2 to 3 degrees. Evaluation of samples subjected to the 

5 to +5 cycle indicated no significant color or flavor 
difference between those fluctuated and those main- 
tained at a steady 0° F. This was true for periods of 
2, 4, 6, and 12 months. The samples in which the 
product temperature fluctuated between 2° and 18° F. 
also failed to reveal any significant color or flavor dif- 
ferences when compared to similar samples held at a 
steady temperature of 10° F. for 2, 4, and 6 weeks. 
Thus it appears that fluctuation per se does not cause 
any significant acceleration of deteriorative changes in 
frozen peaches under these conditions. The changes 
brought about under regularly fluctuating conditions 
are indistinguishable from those at the mean steady 
temperature, probably because the precision of organo- 
leptic methods is not high enough to determine small 
differences between samples which are changing at 
similar rates. These results are in agreement with other 
reports on the effect of fluctuating temperatures (5, 8). 

Effect of container. In 1952, two lots of peaches 
essentially equivalent in quality were obtained from a 
plant which packed in both tin cans and composite con- 
tainers. Processing, handling, and freezing were similar 


for both lots except that because of slightly different 
fruit-to-sirup ratios, the samples in tin cans had a lowe 
original ascorbic acid content. Figure 14 shows some 
striking differences with respect to ascorbic acid re- 
tention and browning when the two lots were stored at 
25° F. Both ascorbic acid and color retention were fat 
superior in the can, especially after 16 to 20 days at 
25° F. It is interesting to note that after a slight initial 
loss of ascorbic acid during the first 10 days, this con 
stituent remained constant without further loss during 
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Figure 14. Effect of container on ascorbic acid retention and 
browning. 


the remaining storage period. The amount of ascorbi 
acid oxidized in hermetic containers is of course limited 
by the amount of free oxygen in the headspace, wher« 

as the porosity of composite containers allows oxygen 
to enter from the outside air and thus both ascorbic-acid 
oxidation and browning continue. 

Drained weight and soluble solids. In all lots 
stored at 20° F. or below there was no significant dif 
ference in either drained weight or soluble solids of fruit 
or sirup between samples held at —20° F. and thos 
stored at 0° to 20° F. for periods ranging from 4 months 
to 1 year. The drained weights of practically all lots 
fell in the range of 60 to 70% of the average net weight 
and no noticeable trends with respect to increase o1 
decrease were observed during storage at 20° F. or 
below. Storage up to 3 weeks at 25° F. indicated no 
significant change in drained-weight percentage in any 
of the lots. In some lots, however, there was a definit: 
trend toward increased soluble solids in the fruit and 
decreasing soluble solids in the drained sirup. During 
3 weeks’ storage the soluble solids of the fruit increased 
2 to 3%, and the soluble solids in the juice decreased 
2 to 4%. The greatest soluble-solids changes occurred 
in rapidly frozen samples, and essentially no chang: 
was observed in case or slowly frozen samples. 

At 30° F. soluble-solids changes occurred rather 
rapidly regardless of freezing method. The soluble 
solids of fruit and sirup approached equilibrium in sam 
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ples stored at this temperature for 6 to 10 days. The 
time required to reach equilibrium was largely de- 
pendent on size of slices and did not appear to be 
influenced by small variations in fruit-to-sirup ratio. 
Since solids equilibrium is not attained at temperatures 
below the thawing point of the fruit, the soluble-solids 
ratio between fruit and sirup obviously becomes an 
excellent thawing indicator. If a package of frozen 
peaches packed by usual commercial procedures is 
thawed, and the soluble solids of the drained fruit and 
sirup are essentially equal, it is practically certain that 
the package had been completely thawed for several 
days at some point in its previous temperature experi- 
ence, Since frozen peaches in contact with oxygen 
undergo color changes much more readily than they 
equilibrate with respect to sugar, the distribution of 
soluble solids would be especially useful as a thawing 
indicator in vacuum-packed hermetic containers or 
in other fruits in which color changes are not so pro- 
nounced 

Time temperature equivalence. Since it has been 
shown that the controlling deteriorative reaction in the 
average commercial pack of frozen peaches is oxidative 
browning, time-temperature equivalence will be ex- 
pressed in terms of this reaction. Figure 15 shows a 
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Figure 15. Time required for a significant subjective color 
difference at various temperatures. 





linear relation between temperature in degrees Fahren 
heit and the logarithm of days of storage required to 
bring about the first significant color change. Each 
point shown in the graph was derived from curves 
constructed by plotting the percentage of correct tri- 
angle color judgments against storage time at the vari- 
ous temperatures. Each curve was derived from the 
color data obtained from at least 6 storage periods at 
each temperature. The point at which the curve crossed 
the percentage of correct answers corresponding to a 
probability level of 0.01 to 0.05 was taken as the time 
required for a significant color difference to develop. 
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lhe use of a sensitive test such as the triangle, with 
highly trained judges, and treatment of a relatively 
large volume of data in this manner, probably account 
for the linear relationship obtained. A linear relation 
allows estimation of the time at which a first significant 
difference would occur at any temperature within the 
[t has been indicated 
me noticeable approxi- 
mately 3 times faster than flavor changes (unbrowned 
slices) in the temperature range of 15° to 25° F. How- 
ever, at 0° to 10° F. it was found that first significant 
ximately the same rate 
and therefore flavor lor becomes a limiting 
factor in this temperature rang \s a matter of fact 
so slow that no significant 
whereas significant 
me year. From this 
graph it is apparent that for each 5° F. decrease in tem- 
perature the time required for a significant difference 
to develop is approximately tripled and conversely the 
time is reduced by approximately one third for each 
5° F, increase in temperature. It should be emphasized 
that the data for the graph were obtained from a large 
lot of material in w! overweight and under- 
weight packages were discarded. As shown earlier, 
no headspace would be stable for 
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samples with little or 
longer periods and those with more headspace would 
undoubtedly be less stabl 


Figure 16 shows the effect of temperature on the rela- 


tive rates of ascorbic acid oxidation, number of brown 
slices per package, and intensity of browning as 
measured by the Hunter > value. The significant point 
is the relatively slow rate of change for all 3 factors 
, compared to the rate 

increase in rate from 


within the range 


changes from 15° t 
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Figure 16. Effect of temperature on rate of ascorbic acid 
oxidation and browning 


0° to 15° F. is approximately fifth of the increase 
in rate from 15° to 20° F. for ascorbic acid oxidation 
ipproximately one-eighth of the 
rhus increasing 


and brown slices a1 
rate increase for intensity of browning 
temperature above 15° F. is very dangerous from the 
standpoint of color and ascorbic acid retention in frozen 
peaches. This is not meant to imply that storage at 10° 
or 15° F. is satisfactory. Even though the rates of de- 
terioration are fairly low at these temperatures, signifi- 
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cant color differences can be observed after as little as 
one to two months of storage. 

Table 5 shows the relation between temperature, time 
required for a significant color difference, ascorbic acid 
loss, incidence of browning, and browning intensity. In 
the 0° to 15° F. range the percentage of loss of ascorbic 
acid remains fairly constant for each time-temperature 
condition required to give a first significant color differ- 
ence. At 20° and 25° F., however, the times required 
for equivalent subjective color differences result in 31 


TABLE 5 


Effect of temperature on ascorbic acid oxidation and 
browning as related to the first noticeable 
color difference 


Average 
Color Percent | no.of | 
A.A. | brown 
loss | slices/pkg. 


~ ae ot 
19 2.5 
16 2.0 
34 | 3.0 | 
31 2.5 | 
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Temp F difference! “b” value 
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' Represents time required for a significant difference in days at a 
probability of .01 using the triangle test. 
* After 1 year of storage 


tu 34% loss of ascorbic acid, approximately double the 
amount in the 0° to 15° F. range. It will be noted that 
incidence and intensity of browning remain fairly con- 
stant over the 10° to 25° F. range. Thus the time 
required for an equivalent color change in this tempera- 
ture range corresponds to a more or less constant factor 
for both number of brown slices and intensity of 
browning. 
SUMMARY AND CONCLUSIONS 

Results obtained on 52 different lots of commercially 
frozen peaches during 5 seasons conclusively demon- 
strate that degree of container fill is the most important 
single factor in determining degree of browning in 
samples exposed to temperatures of 10° to 25° F. The 
overall quality of frozen peaches stored in the 10° to 
25° F. range has been shown to be directly related to 
the extent of browning, which is inversely related to 
degree of container fill or package net weight. Both 
extent and intensity of browning are directly related to 
ascorbic acid content. Initially, ascorbic acid is lost in 
a linear fashion at temperatures of 0° to 25° F. The 
rate of loss is several times greater at 10° than at 0° F. 
and at 20° than at 15° F. The browning-rate curves for 
these temperatures are very similar to those for ascorbic 
acid loss. Ascorbic acid retention and subjective color 
and flavor data are given for several lots of peaches 
stored under various time-temperature conditions. Dur- 
ing storage at 25° F. samples packed in hermetically 
sealed tin cans retained ascorbic acid much better than 
similar samples packed in metal-end composite con- 
tainers. Slight changes in soluble solids of both fruit 
and sirup were observed during storage at 25° F. but 
no significant differences were found in drained weight. 
\t 30° F., however, the soluble-solids distribution be- 
tween fruit and sirup rapidly approaches equilibrium. 
Fluctuating temperatures did not produce any quality 
changes other than those expected as a result of storage 
at the mean effective temperature. The rate of color 


change in frozen peaches packed in composite containers 
is influenced by time and temperature and availability 
of oxygen to the peach surface. The time required for 
a given change varies exponentially with temperature in 
the 10° to 25° F. range for packs of the type studied 
The results must be interpreted in terms of the in 
tegrated sequence of all time-temperature experiences. 
Every experience subtracts something from the quality 
of the product and any given quality change represents 
the sum of all the previous individual time-temperature 
experiences. 
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D, RING THE PAST 25 YEARS considerable work has 
heen devoted to the processing of freestone peaches for 
freezing preservation. In 1947 Woodroof and co- 
workers (8) thoroughly reviewed the more important 
contributions of earlier workers to peach freezing and 
presented the results of their own investigations over a 
period of 16 years. The establishment of 0° F. as a 
satisfactory storage temperature and the introduction 
cf ascorbic acid as an inhibitor of enzymatic browning 
were certainly among the most significant developments 
for the improvement of frozen peaches. 

In the first article of this series Van Arsdel (7) has 
pointed out the need for more information on quality 
deterioration as affected by the temperature experi- 
ences encountered during distribution of frozen foods. 
A comprehensive survey of temperatures during trans- 
poration, storage, and distribution was recently con- 
ducted by Munter, Byrne, and Dykstra (4). These 
studies indicate that temperatures as high as 40° F 
may be encountered in certain segments of the distribu- 
tion system. Examination of hundreds of commercially 
and experimentally packed frozen peach samples ex- 
posed to temperatures in the 10° to 30° F. range for 
varying times has repeatedly shown that enzymic 
browning or oxidation of the slices exposed to head- 
space atmosphere is the most important single factor 
affecting stability of this product (1, 2). In view of the 
common occurrence of temperatures above 0° F. dur- 
ing transportation and retailing of frozen foods, and in 
accordance with objectives set forth by Van Arsdel (7) 
this paper deals with methods of preventing or mini- 
mizing headspace oxidation in frozen peaches. Al- 
though the mild heat treatments described are effective 
in prolonging color retention after thawing and ex- 
posure to atmosphere, control of browning in thawed 
peaches falls into a separate phase of the problem and 
requires further research. 


MATERIALS AND METHODS 

The peaches used were the Elberta variety grown in Cali- 
fornia and Washington during the 1953 and 1954 seasons. The 
fruit was firm ripe at harvest, and ripening was allowed to con- 
tinue at room temperature for 4 to 5 days. The peaches were 
then sorted, halved, pitted, and steamed (cups down) for 45 
seconds at 212° F. After water-spray cooling the skins were 
slipped off, and the halves were sliced into sixths. The slices 
were packed in waxed 12-0z. composite-type containers, in 
enameled 10-oz. tins, and in enameled No. 2 tins. All fruit was 
packed in 50% sucrose sirup containing 0.1% ascorbic acid 
unless otherwise specified. For the 10-o0z. containers 7.4 oz. of 
slices were placed in the can containing sufficient sirup to over- 
flow when headspaced to 142 inch. The No. 2 cans were filled 
with 14 oz. of fruit and enough sirup to give a half-inch head- 
space. The composite cartons contained 8.7 oz. of fruit in suffi- 
cient sirup to give a quarter-inch headspace. 

Effect of vacuum was determined in the 10-oz. containers by 
sealing the cans without vacuum and with 10, 20, 25, and 29 


inches. The vacuu 16 ; t is also checked after 
the cans had been froze l 

Effect of removal of oxygen in the headspace was also deter- 
mined by adding vari a glucose oxidase enzyme 
reparation to the Washi hes packed in No. 2 cans. 
The enzyme preparation was an all-soluble powder consisting 
of glucose oxidase and catalase with a reported activity of 1,500 
glucose oxidase units per gram. Use of a similar enzyme prepa- 
ration for the removal of oxygen from apple wine was recently 
reported (9). In this insta he sirup composition was 45% 
sucrose and 5% glucose, which provided an excess of substrate 
for the enzyme, based on the oxygen content in the headspace 
of a No. 2 can. The enzyme preparation was prepared as a 
water slurry and applied as follows 

(a) Various amounts were dissolved in sirup containing 
0.1% ascorbic acid and added to the fruit in No. 2 cans. After 
sealing the cans were agitated by hand for 2 minutes and im- 
mediately placed in the 

(b) Same as (a) except that no ascorbic acid was added to 
the sirup. 

(c) Same as (a) except that the cans were held at room 
temperature 3 hours prior to freezing 

(d) After. the cans were filled with fruit and sirup, the 
enzyme preparation was sprayed on the surface of the contents. 
After sealing, part of the cans were placed in the freezer im- 
mediately and the remainder were held at room temperature 3 
The percentage of oxygen in the head- 


letermined with a Beckman 


hours prior to freezing 
space of the sealed containers was 
oxygen analyzer 

Surface inactivatior 
fruit tissue was accomplished by various heat treatments. In this 
experiment, various amounts of ascorbic acid in water were 
added to the slices in 10-oz. and No. 2 cans, and then the 
fruit was covered with 50% sucrose sirup at a temperature of 
200° to 210° F. Some of the cans were sealed and cooled in 
running water without further heat treatment, while others were 
steam exhausted for various times prior to sealing and cooling. 
After “hot sirup filling” and sealing, some of the cans were 
given additional heat treatments in a boiling-water bath. 

All samples were frozen in a —20° F. air blast and held at 
this temperature 4 to 6 months before the stability experiments 
were initiated. Samples from all treatments were then stored at 
20°, 25°; and 30°F. f various periods and subsequently 
examined for changes ir r luble solids, and ascorbic acid 
content. 

Evaluation. To insu 
were cooled to —20° F. prior to defrosti: 
water at 60° F. The thaw 


screen for 2 minutes a 


f the polyphenol oxidase enzyme in the 


iniform thawing, all stored samples 

ing for 2 hours in running 
| samples were drained on an 8-mesh 
ascorbic acid was determined on an 
aliquot of the drained sirup-juice mixture by the method of 


Loeffler and Ponting Browning of slices exposed to head- 
space atmosphere was assessed in 2 ways: First, all noticeably 
discolored slices in each container were counted and recorded as 
brown slices, and second, the degre« browning in these dis- 
colored slices was estimated with a Hunter Color Difference 
Meter. The reference standard used for peaches was a visually 
matched NBS SBC-35 tile with the following values: Rd 
54.0;a = 1.0; b 32 lhe slices were placed in round opti- 
cally matched viewing dishes, and the readings from 2 to 4 
packages were averaged 

Soluble solids in the drained fruit were determined on the 
homogenized slices by refractometer and expressed as percent 
sucrose. Hot-sirup-filled samples were organoleptically evalu- 
ated against cold-sirup controls by a panel of 10 to 13 trained 
judges, using the triangle taste test. The probability values for 
the results obtained with this test were taken from Tables ef the 
Binomial Probability Distribution (6) 
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RESULTS 

Effect of container. From previous experience with 
experimental packs and commercial samples of frozen 
peaches, color retention in composite containers has 
been entirely satisfactory as long as the storage tem- 
perature was maintained at 0° F. or lower (1, 2). Un- 
fortunately, this type of container is nonhermetic, and 
therefore a certain amount of exchange of gases between 
the container and outside atmosphere takes place. 
Under these conditions browning of slices exposed to 
headspace atmosphere and container walls occurs in a 
relatively short time a..d proceeds at a rapid rate as the 
temperature is raised from 0° F. to 20° to 30° F. This 
“breathing” action constantly supplies additional oxy- 
gen to the fruit from the outside atmosphere. This 
oxygen, and also the increase in temperature, causes the 
polyphenol oxidase in the fruit tissue to oxidize the 
naturally occurring tannins to brown-black substances. 
In hermetic containers such as tin cans, however, little 
or no exchange of gases takes place and browning is 
limited by the oxygen originally sealed in the container. 

The relative rates of browning as measured by num- 
bers of brown slices per package are shown in Figure 1. 
\s shown by the curves for the two types of containers, 
there was very little increase in number of brown slices 
in the tin can even after 15 to 20 days at 25° F., whereas 
in the composite container there was a very sharp in- 
crease in brown slices after 5 to 10 days at this tempera- 
ture. In the enameled can browning was confined to 
slices exposed to the headspace alone, but in the com- 
posite container, even the slices against the walls of the 
container became discolored on prolonged storage. 

Figure 2 also demonstrates the superiority of her- 
metic containers in protection against oxidation. For 
the enameled can there was a very small initial loss of 
ascorbic acid, followed by a leveling off with little or no 
additional oxidation of this acid during continued stor- 
age at 25° F. Once again this indicates that oxidation 
in the hermetic container is limited by the amount of 
oxygen originally sealed in the can and when most of 
this oxygen is used up, little or no additional oxidation 
takes place. On the other hand ascorbic acid in the 
composite container is oxidized in a linear fashion until 
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Figure 1. Effect of container on incidence of browning in 
frozen sliced peaches. 
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Figure 2. Effect of container on ascorbic acid retention in 
frozen sliced peaches. 





most of the vitamin is lost, indicating a continual supply 
of oxygen. After 2 weeks at 25° F. the retention of 
ascorbic acid in the drained sirup was approximately 
33% for the composite and 82% for the hermetic con 
tainer. Thus, in addition to limiting discoloration 
under adverse temperatures, enameled tins also retain 
ascorbic acid in the reduced form remarkably well. 

Since the number of brown slices in a hermetic con 
tainer does not change a great deal during storage at 
elevated temperatures, it was necessary to measure the 
intensity or degree of discoloration in order to obtain a 
measure of the effectiveness of vacuum packing. It was 
observed that decreasing Hunter Rd and bP values cor 
related rather well with increasing intensity of browning 
in the yellow-fleshed peaches used in these experiments, 
and therefore the b value was taken as a measure of the 
degree of discoloration. Since the b value measures the 
relative yellowness of a sample, a high b value indicates 
a bright yellow flesh color while a low 6 reading indi 
cates (in these experiments) a dark brown color. The 
decrease in b value is not particularly due to a loss in 
yellow pigment but occurs as a result of masking or 
“covering up” of yellow color by the brown-black oxida 
tion products of the natural peach tannins. 

Figure 3 shows the rate of color change during stor 
age at 20° F. as a function of degree of vacuum. The 
figures represent vacuum gage readings on the thawed 
cans rather than gage readings at time of sealing. It is 
clear that samples with 15 or more inches of vacuum 
showed no significant discoloration throughout the 6 
weeks storage. In samples with 8 inches of vacuum 
sufficient oxygen remained in the container to cause 
severe browning of slices exposed to headspace atmos 
phere. However, it is apparent that even 8 inches of 
vacuum caused a reduction in rate as well as total 
amount of discoloration when compared to samples 
packed without vacuum. It is also interesting to note 
that even though the number of brown slices in hermetic 
containers remains fairly constant, the degree or inten- 
sity of discoloration in these slices changes markedly 
between one and four weeks of storage at 20° F. While 
15 inches of vacuum appears sufficient to prevent 
browning under these time-temperature conditions, it 
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Figure 3. Effect of vacuum packing on rate of color change 
in frozen peaches. 


must be emphasized that other varieties of fruit grown 
in different areas or seasons may require a higher 
vacuum (less oxygen) to achieve the same results. In 
this connection, it has been observed that a vacuum of 
20 inches or more tends to give the thawed slices a 
translucent appearance. This change in natural appear 
ance may influence acceptance of the product. 

Figure 4 shows the effect of temperature in the 20° to 
30° F. range on rate and extent of color change in 
frozen peaches packed under normal atmosphere and 
with 15 inches of vacuum. A point of particular interest 
is the fact that vacuum-packed samples stored at 20 
and 25° F. for 4 weeks showed no detectable color 
change, and those held at 30° F. changed only slightly 
during the same period. In contrast the air-packed 
samples changed at a rate roughly proportional to the 
temperature, and the total color change also increased 
with increasing temperature. The extremely large dif 
ference in rate of color change between 20° and 25° F. 
is probably due to a change in state as well as an in 
At 20° F. most of the package 
content is solid, whereas at 25° F. the sirup is almost 
Under these conditions any pro- 


crease in temperature. 


completely thawed. 
tective sirup film on the exposed slices melts and drains 
off, thus facilitating diffusion of headspace oxygen to 
the fruit surfaces. 

These data clearly demonstrate the excellent protec 
tion afforded by vacuum packing when the product is 
exposed to severe time-temperature conditions. It is 
also apparent that in air-packed samples the critical 
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Figure 4. Effect of vacuum packing on rate of color change 
in frozen peaches. 
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temperature range with respect to rate of color change 
lies between 20 and 25° F. Even in hermetic containers, 
it is very dangerous, from the standpoint of surface dis- 
coloration, to allow temperatures above 20° F. for even 
a few days. 

Effect of removal of oxygen with glucose oxidase. 
he effectiveness of glucose oxidase in removing oxygen 
from the headspace of a No. 2 can is shown in Table 1. 
\s the content of the enzyme preparation is increased 
from 0.1 to 2.0 g. per can the percentage of oxygen in 
the headspace is progressively and conse- 
as well as incidence of browning 
These data indicate that approxi- 

2 can was required to eliminate 
ompletely during storage at 25° F. 


decreased 
quently the intensity 
is also decreased 
mately 1 g. per N 
apparent browning 
for 12 days. 

rhe results above 
the enzyme preparation was dissolved in the sirup, and 
s were taken to allow for reaction 

When the enzyme slurry was 


sprayed on the surface of the filled container with care 


vere obtained on samples in which 


no special precautio1 
at room temperature 


TABLE 1 
Effect of glucose oxidase on browning in frozen 
peaches stored at 25° F. for 12 days 


‘ % of On 
No. of Hunter vale 
Treatn Drowr 1 . 

b value 


in 
s/can headspace 


20.9 16.7 

zg. oxidase 21.7 7.3 
oxidase 27.8 2.8 
oxidase/can 31.6 1.6 


g. oxidase 33.6 0.4 


Reported by manufactur to hav in activity of 1,500 units per 


not to invert the can after sealing, approximately 0.5 g. 
per can was sufficient to prevent browning. With the 
surface spray, a 3- to 4-hour delay prior to freezing 
caused no significant difference in color retention, com- 
pared to samples frozen On the other 
hand, a 3- to 4-hour delay at room temperature increased 
from cans in which 


without delay. 


removal 
the preparation had been dissolved in the sirup, fol- 
lowed by agitation of the Even after 
1.5 months at 25° F. the samples containing 1 to 2 g. of 
glucose oxidase per can retained their natural yellow 


the efficiency of oxygen 


sealed contents. 


flesh color with no evidence of browning. 

Slices packed without ascorbic acid, but with glucose 
oxidase in the sirup, showed significant amounts of dis- 
coloration when exposed to headspace atmosphere. 
Presumably this oxidation took place before the glucose 
oxidase could lower the oxygen concentration to a suffi- 
ciently low level. Apparently ascorbic acid protects the 
color until the oxidase has used up most of the oxygen, 
and then the major factor in preventing discoloration 
under severe time-temperature conditions is simply lack 
of oxygen. At present, however, it is doubtful that use 
of glucose oxidase in frozen peaches would be economi- 
cally feasible. 

Effects of various heat treatments. Packing under 
vacuum or use of oxygen-consuming enzyme prepara- 
tions effectively controls oxidation in a hermetically 
closed container, but as soon as the can is opened, 
enzymatic browning occurs as usual. It is well known 
that browning can be controlled by conventional heating 
techniques that destroy enzymes completely. The heat 
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treatment required for complete inactivation usually 
causes serious changes in fresh fruit flavor as well as 
large leaching losses. To overcome these objections 
relatively mild heat treatments in conjunction with 25 
to 100 mg. of ascorbic acid per can were applied to slices 
by covering with hot sirup (200 to 210° F.), followed 
by brief steam exhausting (1 to 2 minutes) or sealing, 
and heating in a boiling water bath for 1 to 3 minutes 
( Table 2). 
TABLE 2 


Effect of various heat treatments on browning in frozen 
peaches stored at 20° F. for 4 weeks 


“| Soluble 
| — of 


No. of | 
Treatment brown | 
slices/can | 


Control, cold sirup 4 
HSF* 

HSF + 1 water bath 210° F 

HSF + 3 water bath 210° F 

HSF + I’ steam exhaust 


‘HSF hot sirup fill 
Expressed as percent sucrose 


Either a one-minute steam exhaust or a 3-minute 
boiling-water-bath treatment was necessary to inhibit 
browning during storage at 20° F. for 4 weeks. Fifty 
to 100 mg. of ascorbic acid per No. 2 can seemed to be 
the optimum amount required for best color retention. 
ven though hot-sirup filling alone was not sufficient to 
eliminate browning under these time-temperature con- 
ditions, the Hunter 6 value indicates considerably bet- 
ter color retention in the hot-filled sample compared to 
the control. In addition to improved color retention the 
heat treatments also caused an appreciable increase in 
the soluble solids of drained slices. As pointed out by 
Perry and Cruess (5) packing fruit in cold sirup and 
freezing immediately often gives a product with a 
marked contrast in sweetness between fruit and sirup. 
This contrast is markedly reduced with the heat treat- 
ments used in these experiments, and the thawed 
product may be more acceptable to those who object to 
large differences in sweetness, 

When hot sirup is added to sliced peaches in a No. 2 
can, the center temperature varies between 140° and 
150° F., depending on the temperature of peaches and 
sirup. A one-minute steam exhaust followed by sealing 
and agitating gives a center temperature in the range of 
160° to 165° F. and a 3-minute boiling-water bath treat- 
ment gives a temperature of 170° to 175° F. 

The principal benefit cf heat treatments is improved 
color retention during exposure of the fruit to atmos- 
phere after thawing. The one-minute steam exhaust 
retards browning for 6 to 8 hours after complete de- 
frosting, and even after 18 hours’ exposure to atmos- 
phere, the heat-treated samples retained their color 
much better than unheated controls (Table 3). 

It is emphasized, however, that these mild heat treat- 
ments are not sufficient to cause retention of natural 
color if the peaches are held at room temperature indefi- 
nitely. In addition it should be noted that all the 
significant improvements in color retention discussed 
in this paper are associated with use of hermetically 
closed containers. This type of container allows pack- 
ing the fruit under conditions which greatly improve 
the stability of frozen peaches under various time- 
temperature conditions 
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ne of the most important considerations in applying 
any treatment to peaches preserved by freezing is the 
effect on flavor. As shown in Table 4 a group of trained 
tasters very easily detected a difference between the 
cold-sirup-packed control and the hot-sirup-filled sam 
ple heated in a boiling water bath for 3 minutes. It is 
also interesting that practically all judges who correctly 
identified the duplicates preferred the control, indi 
cating that this heat treatment caused a substantia! 
alteration in fresh-fruit flavor. Although a significant 
difference was detected between hot-sirup-filled and 
control samples, preference of the judges was pré 
dominantly in favor of the hot-sirup-filled sample. The 
heat derived from the hot sirup probably caused very 
little change in natural peach flavor but increased suga: 
penetration enough to facilitate segregation of the sam 
ples on the basis of sweetness differences. 


TABLE 3 


Effect of various heat treatments on browning of frozen 
thawed peaches geen | to the atmosphere for 18 hours 





Hunter color meter re readings 


Treatment 
b 


Control, cold sirup ‘ 5. 
HSF* asin kel 2 16.8 
HSF + 1’ steam exhaust. ccxvintinlits : 19.1 
HSF +3 water bath 210° F...... 25.2 


: HSF hot sirup fill (200° to 210 F. ). 


TABLE 4 


Effect of various heat treatments on flavor 
of frozen Elberta peaches 








No. who | Preference 
Comparison * No.of | identified Proba 
judgments | duplic: ates bility | Control | H 


itmaitiiaicenti eciall SS fas 
Control vs. HSF 22 | 12 | .03 2 


Control vs. HSF 
+ 1° steam 
exhaust | 22 11 07 
Control vs. HSF 
+ 3’ water bath | 
210° F. | 
‘Control v was s pecked in cold 50% sirup and HSF denotes filling wit! 
sirup at 200° to 210° F. 
* Of those who correctly identified duplicates and expressed a pref 
ence. 


26 19 |} 001 | 16 


Furthermore, it appears that these particular tasters 
consider the sugar-acid balance obtained with this treat 
ment preferable to that of the control. Practically th« 
same results were obtained for the comparison between 
hot-sirup fill plus one-minute steam exhaust and control 
except for the fact that the judges who correctly identi 
fied the duplicates were about evenly divided as to th 
preferred sample. Both the hot-sirup fill and steam 
exhaust treatment give a product which is on the bor 
derline of detectability wien compared to a cold-sirup 
control, Undoubtedly many consumers of frozen 
peaches would still prefer the sharp contrast between 
fruit and sirup found in most cold-sirup packs, but it is 
also possible that a considerable number would prefe1 
the more uniform sweetness obtained with the hot 
sirup fill. 

SUMMARY 

Various methods are presented for the contro! of 
headspace browning in frozen peaches exposed to 
elevated temperatures. Enameled tin cans were found 
to be much more protective than composite containers 
with regard to color and ascorbic-acid retention during 
storage at 20° to 30° F. Color retention was further 
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improved if the fruit was packed in tins sealed under 
15 to 25 inches of vacuum. Fruit packed in this manner 
retained its original color even after 4 weeks of storage 
at 20° or 25° F. and changed only slightly during stor- 
age at 30° F. for the same length of time. In contrast 
there was an exceptionally large browning-rate differ- 
ence between 20° and 25° F. in air-packed samples. 

The oxygen in the headspace of No. 2 tins was re- 
moved with a glucose oxidase enzyme preparation to an 
extent which prevented headspace browning during 
storage at 25° F. for 12 days. 

Mild heat treatments designed for only partial in- 
activation of enzymes were effective in controlling 
hrowning during exposure to elevated temperatures. 
hese treatments also prolonged natural color retention 
after the fruit was thawed and exposed to the atmos- 
lhese advantages in prolonging color retention 


phere 
serious alteration in natural 


can be attained without 


fruit flavor. 
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Organoleptic Wine-Quality Evaluation. 
I. Standards of Quality and Scoring 
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 # DGING FOR QUALITY by sensory methods has uni- 
versal employment in the food industry. Furthermore, 
competitive contests for premium awards are conducted 
everywhere as an incentive to improve quality. 

Organoleptically, the subject of quality in wine re- 
solves itself into three parts; (a) how well the wine 
conforms to the defined characteristics of the variety 
in which it is classified, such as Cabernet Sauvignon, 
Pinot Chardonnay, etc., (b) the absence of defects such 
as excessive acetic acid, ethyl acetate, acetaldehyde, tan- 
nin, etc., and (c) the degree of refinement of the wine, 
such as careful maturation and cellar treatment and a 
proper balance of its constituents. 

The dependence of general quality upon certain 
demonstrated (3, 4). 
differences 


analytical variables has been 
Some minimum detectable «oncentration 
have been determined for various constituents in wine 
(18), and these thresholds show a wide range for the 
various substances, using an average panel of judges. 
Causative factors directly detrimental to quality are 
noted (7), such as the action of undesirable yeasts and 
bacteria, use of excessive sulfur dioxide, cloudiness, in- 
appropriate color, and oxidation. 

A primary interest in taste-testing for quality evalua- 
tion should be in the development of an absolute taste 
score and not specifically in comparative scores. In this 
respect, the problems of the proper weighting of at- 
tribute measurements and a uniform scoring system 
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Figure 1 was used; a full description and analysis of this type 
of comparison has been given (23). 


Please check below the relative reaction to the two wines. 
prefer sample 1 over sample 2 EXTREMELY 
prefer sample 1 over sample 2 VERY MUCH 
prefer sample 1 over sample 2 MODERATELY 
prefer sample 1 over sample 2 SLIGHTLY 

I have no preference 
prefer sample 2 over sample 


prefer sample 2 over sample 
prefer sample 2 over sample 1 VERY MUCH 
prefer sample 2 over sample 1 EXTREMELY 


" Figure 1. Details of form used for paired comparative pref- 
erences. 


SLIGHTLY 
MODERATELY —— — 





For the grade rating of the test wines, a test form was used 
which allowed for the rating of as many as 5 samples at a time 
on a 6-point quality scale, over the range of top, excellent, very 
good, good, fair and poor. For analysis, values of 1 to 6 were 
assigned to these quality grades, beginning with poor. 

For scoring, a scale of 1 to 20 was used to describe the gen- 
eral quality of a test wine, the score of 20 representing the 
highest quality possible. The test form allowed for the scoring 
of as many as 5 samples at a time. 

Selection of panel. A panel of 8 members was used for 
the tests. Four were members of the staff in the Department of 
Enology; these were closely associated with wine (at least 10 
years’ experience) and all had been wine judges in premium 
award tastings at the California State Fair. The remaining four 
were other staff members and University personnel who were 
well-acquainted with wine, but had had no experience in judging 
quality wines. 

Serving procedure. ‘The tasting was done in individual, air- 
conditioned booths. The samples were presented at room tem- 
perature, 70-75° F., and the time of presentation was 11: 30 A.M. 
About one ounce of wine was served in each glass for tasting. 
Unsalted crackers and water were made available to each taster 
for the removal of taste effects between samples. This combina- 
tion was found very effective with other food items (5). 

Randomized presentations were made of samples within each 
block and of blocks comprising each group. Each block was 
tasted in the order given. 

In the paired preference comparisons, 3 blocks of pairs were 
presented to each taster. this comprising the group for each 
daily sitting. For the triangular design, two sets of 3 samples 
were given. Three blocks of pairs were presented when using 
the design of Figure 1, the degree of liking for one sample over 
another. For the rating and scoring tests, one block of 4 or 5 
samples, or two blocks of 3 samples were given as the daily 
group. 

Experimental designs and methods. Since an analysis of 
the results would require some standard of reference, it was 
believed reasonable to adopt the Gold Medal award wines as 
the highest grade possible. Dilutions of these wines by blending 
with the young wines would furnish graded steps decreasing 
in general quality. 

An attempt was made, therefore, to establish a series of 
grades by means of minimum detectable differences for the panel 
of judges. Difference thresholds were determined by both the 
triangular technique and paired comparison for the Burgundy 
series. Since the quality could not be unambiguously specified in 
the case of paired comparisons, the question of preference, be- 
tween the 2 samples, was asked. In this respect, reliance was 
placed upon the panel that the quality preference would be uni- 
directional ; i.e., that all judges would prefer the blend contain- 
ing the higher proportion of Gold Medal wine in all cases, when 
the difference became detectable. The paired preference did 
prove efficacious in establishing levels of dilution in the quality 
series, 

Each step in grade was determined as follows: when the 
preference in pairs or the difference in triangular was significant 
at the 5% level (95% confidence level) between two levels of 
dilution, this difference was adopted as a significant step in 
quality grade. For the two designs, sets of statistically definable 
grades (thresholds of quality difference) were thus established 


JANUARY, 1957 


for the Burgundy series. For the Sherry wines, only the grades 
derived from paired preference were used. 

Since the rating and scoring tests would require a comparison 
of more than 2 samples at a time, the resulting series of grades 
from the paired preference were submitted to the comparative 
liking test (Figure 1). These were given in balanced, incom 
plete blocks, with replications, to obtain an equal number of 
judgments for all possible arrangements in both orders of 
serving. This procedure would give a measure of the degree of 
liking for one level of dilution over another, as compared against 
all others in the same series. 

To reduce the effect of adaptation from prolonged tasting of 
any one series of wines, the group of wines served (Burgundy 
or Sherry) was alternated every 3 days, with variations in 
design. 

For the rating and scoring determinations, balanced incom 
plete blocks were used generally. This design has a psychologi 
cal advantage; since all samples in any one experiment aré 
never presented at the same time, the design, while giving th 
tasters enough information to retain their interest, does not give 
so much information as to prejudice their judging (16) 


PRACTICAL CONSIDERATIONS 


The basic assumptions of the analysis of variance are 
(11): (a) the observations are independently dis 
tributed, (b) the observations come from a normal 
population, (c) the error variances are homogeneous 
and (d) the treatment and environmental effects are 
additive. The effect of taste fatigue, discrete scoring 
scale and adaptation in causing departures from thes« 
assumptions have been mentioned (24), although de 
partures from assumption (b) may not be serious (8) 
The reduction of the number of treatments or the use 
of incomplete block designs will somewhat alleviate 
the departures from assumptions (a) and (c), (9) 
Adaptation effects lead to departures from assump 
tion (d). 

Some of the difficulties in rating and scoring dea! 
with non-uniformity of scaling procedure, lack of con 
sistency on the part of the individual judge, lack oi 
agreement as to what is a “true criterion,” doubt as to 
the appropriateness of analyses of variance on scores 01 
ratings and the limitation of observation numbers du 
to taste fatigue (6). 

In this study an attempt was made to minimize the 
above effects, by the use of incomplete blocks, limited 
size and number of blocks served and by alternating the 
wine group and block design presentation. Since the 
study required over five months to complete, a fairl) 
good estimate of error could be obtained. 


RESULTS AND DISCUSSION 


Triangular vs. paired preference thresholds. \When 
the triangular design was used, suspiciously high dilu- 
tions were required. This is noted in Table 1; only 3 
grades were available for the Burgundy series by tri 
angular test, whereas 5 grades were possible by paired 
preference. On this basis, the thresholds by paired 
preference were adopted. There is abundant evidence 
that the triangular design may be less sensitive, in cer- 
tain cases, than the two-sample comparison (7, 13, 14, 
15). 

Paired preference vs. paired comparison. The 
paired preference tests yielded definably quality-different 
concentrations for the Burgundy and Sherry wines (at 
the 5% level of significance) as given in Table 1. The 
grade numbers increase with decreasing quality. 
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The grades for each series, obtained by paired prefer- 
ence, were submitted to the two-sample test design of 
Figure 1 and analyzed by a method of paired compari- 
son (23). This method allows for the effect of all other 
grades in a series upon the degree of liking for any one. 
The presentation was given in randomized, balanced in- 
complete blocks. For the 5 grades of Burgundy wine, 6 
replications were given. All 8 Sherry wine blends were 
used in the design in two replications. 

An analysis of variance was made on the panel re- 
sponses. To test the assumption that the variance of 
the scores was the same for all ordered pairs, i.e., the 
homogeneity of variance, Cochran’s test (12) was 
applied. This test was used due to the fact that some of 
the variances were zero and, also, it is very sensitive in 
detecting lack of homogeneity due to the variance of 
one set of scores being considerably larger than the 
variance of the others. No evidence of heterogeneity 
was noted in the score variances. 

The results of the analysis are given in Table 2. 
There was evidence of a significant (5% level) order 

TABLE 1 
Wine blends of minimum significantly-different quality 


] 

Burgundy ' | 

Triangular Paired 
test test 


Sherry? Sherry? 
Paired Paired 
| test test 


Grade 


100% Sherry 


100% G.M. | 100% G.M. | 100% G.M 

60% G.M. | 77% G.M.| 78% G.M.| 75% Sherry 

20% G.M 57% G.M. 50% G.M 50% Sherry 
35% G.M.| 25%G.M.| 25% Sherry 
10% G.M. | 


G.M. Gold Medal wine 

1 The wine used for blending was a young, commercial Burgundy. 

* The wine used for blending was a young, commercial Sherry. 

* The wine used for blending was a young, commercial Sherry-—the 
quality wine was different than that of (2). 


TABLE 2 
Analysis of variance by paired comparison for 
Burgundy and Sherry wine blends 


Burgundy Sherry 


rt ee 


Main effects 
Deviations from subtractivity 23.27 


438.96 
46.54 


Average preferences 
Order effects 


485.50 


123.50 


Means 
Error 
Totals 523.00 120 609.00 


* Significant at 5% level; tabulated F.cos = 1.92 


effect in the case of the Burgundy comparisons only, 
while no significant deviations from subtractivity were 
noted for any of the comparisons. The hypothesis of 
subtractivity is analogous to the absence of interaction 
in a two-way layout and, if the hypothesis is not vio- 
lated, the interpretation of the main effects becomes 
clearly due to the difference in means alone. The 
acceptance of the hypothesis denotes that there are 
parameters a,, a., a, an, Which characterize each 
of the n stimuli such that the average preference for one 
stimulus over another is the difference between the 
corresponding parameters 
The a parameters were calculated ; for the five grades 
1.267, a, == 0.850, a, = 0.135. 
1.450. For the two groups 


of Burgundy, a, 
a, == —0.800 and a, 
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of Sherry wine, a 
a -1.781, a 

ire where a, to 
Medal 


high quality 


an ais — 
blends of the Gold 
blends of the other 
be noted that bot! 

about equally well, 

between the a values for the 
and a,, == 1.625 


Sher 


indiluted S] 
evidenced 


undil 


‘o test the significance of the d 


two wines in each series. a “var 
cant difference is used, defined 


erro! 
number 
compariso1 
number 
Student 

1ent 


dence coeffi 


lf the confidence coefficient is 
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0.969, a. = —0.844, 

0.375, a,, = —0.563 
a, represent values for 
ry and a,, to a,, the 
wine. It is to 
erry wines were liked 
by the close agreement 


1.531 


Sherry 


uted wines, a, 


lifference between any 


Istick” of least signifi- 


in each ordered 


riable q at a confi- 


0.95, 


taken as l—e 


— 


for the Burgundy wines the error degrees of freedom 


; 


are 100 and m 5, then 
3.93. Fr 


from tal 
for q lable 2 


then 


Similar calculations 
ig for 56 degrees of 
2.21,r 2 and q 145, 


y 


The differences between 


paring each group of wine grad 
ing Y-value, it is noticed 
in grade are significant at 

values approach or sligl tly su 
level. In this I 
observed to decrease pr: 
In the light of the manner by wi 
organized, it would 


respect, the 


were ippeal! 


results as a test of a one-s 
the two-sided test 


The quality i1 > g 


these 
than 


q-v iiues. 


4 | 
impli 
experimentally cont: 


TABLE 3 
Differences between adjacent a- 


r the Sherry 


freedom for 


corresponding yardsticks are given in Table 3. 
‘s with the correspond- 
that whi 
5% level, most of the 
irpass the significance 
values 


wWTessively 


and tl 


les (20, 21), the value 
s' 1.63 and r = 6, 


0.648 


group yield, allow- 
8, 8 = 


‘ror, m 


1.170 


and the 
Com- 


ent erades 


hile not all differences 


themselves are 
for each lower grade. 
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ability for the taster to detect in the proper direction. 
On this basis, the significance of the differences in 
a-values would be increased. One- and two-sided tests 
of hypothesis have been discussed (10, 22 

In general, the two types of paired test demonstrated 
a definite basis for the existence of a graded series. 

Design effects on rating and scoring. Table 4 shows 
the product-moment correlation coefficients obtained by 
the panel when different designs were used for the 
Burgundy series. The usual tests for significance be- 
tween correlation coefficients could not be used due to 
the fact that the same panel was operative in all cases 
and correlation between designs had to be _ con- 
sidered. However, Hotelling (19, 25) has furnished a 


TABLE 4 
Product-moment correlation coefficients for 
Burgundy using various designs 


Correlation 
coefficient 


Number of 


judgments 


Rating scale 
Incomplete blocks 
3-sample 
4-sample 
Complete blocks 
5 grades 
4 grades + 1 control 
Scoring scale 
Incomplete blocks 
3-sample 
4-sample 


TABLE 5 


Correlation coefficients by rating and scoring scales 
for two series of Sherry blends 


3-sample incomplete blocks 


Rating 


68 44 
70 51 


Scoring 
Sherry * 


Sherry? 


* Series derived from Gold Medal Sherry 
* Series derived from second high quality Sherry. 


solution to this problem, and under this test, there is 
evidence of a significant difference between the 3-sample 
(r 70) and the 4-sample (r = .60) incomplete 
block presentations by the rating method. Also, the 5- 
sample design, which was alternately served as a 5- 
grade complete block or a 4-grade + 1 blind control 
series, showed that there was a significantly better cor- 
relaion for the complete block of 5 grades (r = .75) 
over the 4 grades + 1 blind control (r = .59). This 
demonstrates the tendency for the panel to rate each 
sample in the block as a different grade from any other. 

When scoring the Burgundy series in incomplete 
blocks of 3 or 4 samples, in a scoring range of 1 to 20, 
there was no significant difference in correlation be- 
tween the two types of block. 

To determine the effect of the presence of more than 
one wine of the same quality grade in the same block, 
a series of Sherry blends was given to the panel. These 
were randomized, incomplete blocks of 3 samples drawn 
from the 4 grades of Gold Medal Sherry and the 4 
grades of the second high quality Sherry wine. The 
comparison of one wine with any other was made possi- 
ble. In Table 5 are given the correlation coefficients for 
each group of Sherry blends, using the rating and scor- 
ing scales identical to those used for the Burgundy 
series. Both methods revealed a significant linear rela- 
tionship between grade and type of scoring. However, 
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rating was significantly better than scoring for both 
series of Sherry wine blends. The presence of two 
grades of identical quality in the block tends to affect 
the correlation in the scoring method. 


SUMMARY 

Standards for quality were established by 
preference comparison. Using Burgundy and Sherry 
wines of defined quality, grades in quality were pr 
duced in terms of thresholds of quality difference. 

A paired comparison analysis was used to 
stantiate the results derived from the paired preferenc« 
study. 

In the Burgundy series, incomplete block presenta 
tions of 3 samples yielded significantly higher correla 
tion coefficients than 4 samples when used with a rating 


paired 


sub 


method. 

The panel showed a tendency to rate each sample in 
the block as different from any other sample. 

When more than one wine of the same quality grad¢ 
was present in the block, there was a significantly bette: 
correlation using the rating as compared with the sco: 
ing method. 

Acknowledgment 

Funds for this study were made available through contra 
with the Wine Advisory Board. Appreciation is expressed for 
the patient and enthusiastic cooperation of the panel members 


t 


LITERATURE CITED 

1. Amertne, M. A., and Jostyn, M. A. Table Wines. 1951 
University of California Press, Berkeley, Calif. 

2. Amertne, M. A., AND Roesster, E. B. Techniques and 
problems in the organoleptic examination of wines 
Proc. Am. Soc. Enol., 3, 97-115 (1952). 

SAKER, G. A., AND AmerRINE, M. A. Organoleptic ratings 
of wines estimated from analytical data. Food Research 
18, 381-389 (1953). 

3axer, G. A. Organoleptic ratings and analytical data f 
wines analyzed into orthogonal factors. Food Resear 
19, 575-580 (1954). 

. Baten, W. D. Materials for removing taste effects i 
ganoleptic tests. J. Home Econ., 39, 30-32 (1947). 

. Braptey, R. A. Some statistical methods in taste testing 
and quality control. Biometrics, 9, 22-38 (1953) 

. Byer, A. J., anp Asprams, D. A comparison of the triangu 
lar and two-sample taste-test methods. Food Techn 
7, 185-187 (1953). 

. Cocuran, W. G. Some consequences when the assumptio 
for the analysis of variance are not satisfied. Biometri 
3, 22-38 (1947). 

. Cox, Gertrupe M. Statistics as a tool for researc! 
Home Econ., 36, 575 (1944). 

. Epwarps, ALLEN L. Statistical Methods for the Behavio 
Sciences. 1954. Rinehart and Co., Inc., New York, N 

. Etsennart, C. The assumptions underlying the analysis 
variance. Biometrics, 3, 1 (1947). 

. Ersennart, C., Hastay, M. W., ann WaAttis, W. A 
Techniques of Statistical Analysis. 1947. McGraw-Hill 
Book Co., Inc., N. Y. 

. Frurpecto, Ferrer. Small panei taste testing of wir 
J. Enol., 6, 26-32 (1955). 

. Frutrreiro, F. A. A critical comparison of the two-sampl 
and triangular binomial designs. Food Research, 21, 
235-241 (1956). 

. GringemaAn, N. T. Taste comparisons—two or three? 
Techno!., 9, 148-150 (1955). 

Hanson, Hexen L., Kune, Leo, anp Lineweaver, Hans 
Application of balanced incomplete block design to scor 
ing of ten dried egg samples. Food Technol., 5, 9-13 
(1951). 

7. Herm, E., anp Trotie, B. Selection of a taste panel. 1 
lerstein Lab. Commun., 9, 181-194 (1946). 


h 


‘ 





ORGANOLEPTIC WINE-QUALITY EVALUATION 


18. Hinremner, Evry, Fivirecio, F., Berc, H. W., anp Wess, 
A. D. Evaluation of thresholds and minimum difference 
concentrations for various constituents of wines. IV. 
Detectabie differences in wine. Food Technol., 9, 489-490 
(1955) 

19. Horettinc, Haroip. The selection of variates for use in 
prediction, with some comments on the general problem 
of nuisance parameters. Annals Math. Stat., 11, 271-283 
(1940) 

20. Newman, D. The distribution of ranges in samples from 
a normal population expressed in terms of an independent 
estimate of the standard deviation. Biometrika, 31, 20 
(1940) 


Organoleptic Wine-Quality Eva 
ll. Performance of Judges. 


Manuscript received May 29, 1956) 


‘Le DIFFICULTIES IN RATING AND SCORING, apart 
from the vagaries of the judges as individuals, have been 
discussed in the preceding section of this paper (7). In 
this portion of the study, a comparison will be made 
between two specific types of panel, and between indi- 
vidual judges, for ability to grade for quality. 

Techniques for organizing small tasting panels have 
not been well standardized. The members of the panel 
are frequently selected for their interest or their avail- 
ability, rather than for the acuity of their senses of taste 
and smell (3). The evaluation of food-tasting scores to 
determine whether a person is a good judge involves 
finding (a) whether the judge can discriminate among 
foods of the same kind and (b) whether he can duphli- 
cate his own judgments 


EXPERIMENTAL 


Test forms. For the rating of the test wines, a test form 
was used which allowed for the rating of as many as 5 samples 
at a time on a 6-point quality scale, over the range of top, 
excellent, very good, good, fair and poor. For analysis, values 
of 1 to 6 were assigned to these quality grades, beginning with 
top. 

For scoring, a scale of 1 to 20 was used to describe the general 
quality of a test wine. The score of 20 represented the highest 
quality possible. The test form allowed for the scoring of as 
many as 5 samples at a time 

Panel. Two panels were operated concurrently. One panel 
consisted of 4 members of the Enology staff in the Department 
of viticulture who had had wide experience with quality wines 
and had been members of wine-judging committees at the Cali- 
fornia State Fair. This panel was denoted the panel of wine- 
judges. The other panel was termed non-judges, to differentiate 
them from the wine-judges; they had had no wine-judging 
experience, although they were well acquainted with wines. 
This latter panel consisted of 4 members also. 

Test wines. The test wines used were blends of a California 
State Fair Gold Medal Burgundy wine. The manner in which 
the quality blends were derived has been described in the pre- 
vious section of this paper (1). 

Experimental designs. The tested Burgundy wines were 
served in single sample presentations, incomplete blocks of 3 or 
4 samples, complete blocks of 5 samples and presentations of 5 
samples containing 4 different grades plus one blind control. 


RESULTS AND DISCUSSION 
Performance: wine-judges vs. non-judges. Table | 
shows, for each panel, the product-moment correlation 
coefficients for the relationship of the rating and scor- 
ing scales to the graded series of 5 Burgundy wines. 
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TABLE 
Panel correlation coefficiénts for Burgundy series 
Wi es Non-judges 
Corr. 


N ef N coef, 


ng scale 
omplete blocks 
sample 
sample 
+-sample 
mplete blocks 
5 grades 
4 grades + blind 
ng scale 
mplete blocks 
sample 


4-sample 


‘ven though both panels demonstrated significant cor- 
relations for rating and scoring with grade, the panel 
of wine-judges was significantly better than that of non- 
judges. The test used for the significance of the dif- 
ference between coefficients of the 2 panels, was based 
The wine-judges 
3- or 4-sample 
incomplete blocks were rated or scored and also when 
4 grades plus 1 blind control were served. When the 
complete block ot 5 samy les was set ved, no significant 


upon Fisher’s transformation (4 
were better than the non-judges w 


difference was observed between panels 

\ number of other pertinent observations are avail- 
lhe first is revealed in a comparison 
of the correlation coefficients when complete blocks are 
served (5 grades vs. 4 grades plus 1 blind control). 
Both the wine-judges and non-judges showed a signifi- 
cant difference in correlation between the two designs. 
The test of significance employed was that of Hotelling 

’, 4), which allows intra-panel correlation between 
designs. The judges were cognizant that 5 grades of 
wine existed and showed a significant tendency to 

this basis, even though they 
were being randomized. 


able from Table 1. 


grade the 5 samples 
knew that the designs 

[he second observation is that there was significant 
improvement by both panels in rating 3 samples in in- 
complete blocks over 4 samples, even though 2 sets of 
3 samples were served at a sitting, for a total of 6 sam- 
ples, as against 1 set of 4 samples. This may be evidence 
of a psychological factor whereby the fatigue effect is 
reduced by the serving of small blocks, although the 
total number of samples served, by replication, may 
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exceed the number served in a larger block. The scor- 
ing scale did not exhibit this phenomenon. 

The final point noted is that there is insignificant 
correlation when only a single sample is rated; for 
wine-judges r = .26, and non-judges r = 0. Having 
no immediate comparison available, the judge’s memory 
provides a poor measure of standards of quality. 

Performance of individual judges. The fact that a 
judge demonstrates a high degree of association between 
the rating and the quality grade, as measured by the 
correlation coefficient, does not necessarily prove him 
to be a highly discriminating judge. In Table 2 are 


TABLE 2 

Correlation coefficients for each judge for Burgundy series 
Design: blocks of 3 samples 

Judgments per judge = 30 


3 No on-judges 


Wine-j udges 
a. ¢ @ 


A Bc D 


Taster 


\ ee 





Correlation coefficient 87 .90 .87 .82 78. 


‘Taster H was not available for these tests. 


given correlations for each judge of the two panels, 
based upon rating data obtained from the 3 sample 
incomplete block series. All of the wine-judges demon- 
strated high degrees of correlation, (r over .80), 
without seeming differences between these judges. 
However, plots of lines of linear regression for each of 
these judges, shown in Figure 1, revealed significant 
differences in performance. The rating scale was as- 
signed quality values from 1 to 6, beginning with top. 
In this figure, a theoretical line has been added to indi- 
cate a perfect correlation, in all respects, between the 
identifiable grade and the rating scale. In terms of the 
slopes of the lines, the responses for judges A, B, and 
C did not deviate significantly from that of the theoreti- 
cal. This would signify that these tasters did establish 





T ! 


Theoretical 
Judge A 





{ L 
4 5 








3 
GRADE 


Figure 1. Lines of linear regression for judges A, B, C and 
D in 3 sample Burgundy series. 


a rating for each grade, disregarding the fact that judge 
A may have been more critical in judging the wine of 
best quality. From the ordinate intercepts, judges B 
and C did not reveal significant differences from the 
theoretical ; these two tasters were in agreement with 
the theoretical grade ratings. The result of this analysis 
would be that taster B is the best by this method of 
rating, C is a close second, A is somewhat critical of the 
best quality wine, whereas judge D demonstrates a 
significantly conservative tendency ; i.e., to confine the 
grades into a smaller number of ratings. 

Effect of serving order. An analysis for the order 
effect revealed no significant differences due to posi 
tional order when the rating scale was used with in 
complete blocks of 3 or 4 samples. Very significant 
effects were noted in using the scoring scale. Table 3 
gives an analysis of variance for both rating and scoring 
for each panel. While the rating scale was found in 
sensitive to serving order for either panel, the scoring 
scale showed effects of order, both panels being so 
affected in the case of 4 sample blocks and the non 
judges in the case of the 3 sample presentation. Also, 
there was a significant interaction, which denoted a 
differential order effect by grades. 


TABLE 3 


Analysis of variance for order effect on serving 
incomplete blocks of 3 and 4 samples 





Rating scale 
| z 

| 

| 








3-sample | 4-sample 


Wine-judges Non-judges | Wine-judges| Non-judges 


[@.£. m.s. jd.f. ms. |d.f. m.s. d.f. m.s 

Order effect ; 2 21 2 .07 | 3 .34 3 

Grades | 4 s$.39***| 4 3.03***| 4 7.09%**| 4 

Order X Grades} 8 13 8 -13 12 21 12 

Error —— ST ar — _ 
105.10 «(83 )~=.25, «60S 30—«| 72 


Scoring scale 


3-sample 4-sample 
Wine-judges Non-judges Wine-judges | Non-judges 
af. ms. |df. 8. | d.f. ms. jd.f. 


Order effect 2 me is 3 4.66"**| 3 
Grades 4 65.20°**| 4 22.99°**| 4 52.22°**| 4 
Order X Grades} 8 1.36 8 5.03° | 12 16.64°**| 12 
Error = | 

63.193 |75 218 | 44 
d.f. = degrees of freedom. 
m.s. = mean square. 

. significant at 5% level. 

ese significant at 0.1% level. 





.39 33 


This order effect was suspected as being due to the 
sensitivity of the extended scoring scale rather than the 
order effect due to grades. When the scoring scale was 
transformed into a range of five ratings, 17-20 for 
rating 1, 13-16 for rating 2, 9-12 for rating 3, 5-8 for 
rating 4 and 0-4 for rating 5, the order effect dis- 
appeared in the case of the wine-judges, whereas it still 
persisted for the non-judges. 

Block effects. The effect of the particular combina- 
tion of wines within a block was tested and found to be 
non-existent for the Burgundy wines tested, when the 
rating scale was used. 

Since the 3-sample incomplete blocks were served in 
two sets at any one sitting, the difference in response 
between the first and second set was analyzed. No 
significant differences in correlation were noted between 
sets, and it would be concluded that no fatigue effect 
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could be demonstrated in tasting these two sets of Bur- 
gundy wines. 

For the rating scale, in this study, a balancing of 
blocks for comparison and order would not appear 
essential. Fewer replications could be used without 
fear of bias. 

SUMMARY 


Two panels, one of wine-judges and the other non- 
judges, were able to rate and score to a significant de- 
gree a series of quality-ditferent Burgundy wine blends. 
The wine-judges were significantly better than the non- 
judges in grading the wines. 

Differences were noted in the performance by indi- 
vidual judges, even though correlation coefficients were 
high for each person. 

For the rating scale, incomplete blocks of three sam- 
ples yielded higher correlation coefficients than for 


Characterization of Volatile Nitrogen and 
Volatile Sulfur Fractions of Cooked 


blocks of four samples. When single sample presenta- 
tions were made, neither panel showed any significant 
degree of correlation to grade 

No significant order effect was noted in rating in- 
complete blocks of three or four samples; for scoring, 
a highly significant order effect was present. 
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Chicken and Their Relation to Flavor’ States Department of Agana 


(Manuscript received June 14, 1956) 


(on ARACTERIZATION OF THE VOLATILE COMPONENTS 
and determination of their contribution to flavor is an 
important part of any flavor study. Reports in the 
literature concerning the chemical nature of meat flavor 
are relatively scant, but emphasize the importance of 
volatile components. Crocker (6) concluded that cooked 
meat flavor is attributable primarily to its aroma. He 
identified hydrogen sulfide in the volatile fraction of 
cooked beef and postulated the presence of other acids 
and nitrogen-containing substances. Bouthilet (2, 3, 4, 
5) in a series of articles on chicken flavor demonstrated 
presence of ammonia and hydrogen sulfide in chicken 
broth distillate and obtained results suggesting presence 
of a sulfur-containing organic compound of importance 
to chicken flavor. Objectives of the work reported here 
were to enlarge on these findings by completing charac- 
terization of volatile nitrogen and volatile sulfur frac- 
tions of cooked chicken, to develop quantitative methods 
for their determination, and evaluate their importance 
to volatile flavor. 

EXPERIMENTAL 

Source and processing of chickens. Chickens used in this 
study were old hens obtained in the live state from a commer- 
cial source, They were processed to the ready-to-cook point at 
this laboratory, bagged in polyethylene and held at —10° F. 
until needed. 

Chicken broth. In this study unseasoned chicken broth was 
obtained from both a commercial source and from batches pre- 
pared at this laboratory. That from the commercial source was 
received in tin containers in the frozen state and kept at —20° F. 
until used. When thawed, rough separation of fat and aqueous 
phases was accomplished with a separatory funnel. Unless 
otherwise specified only the aqueous phase was used. The com- 
mercial broth contained 0.4% solids (W/V) and was used ex- 
clusively for chemical experiments. At this laboratory broth 
was prepared and worked up as described in a previous publica- 


* Presented at the Sixteenth Annual Meeting of Institute of 
Food Technologists, June 12, 1956, St. Louis, Mo. 


tion (11). It was used both chemical and organoleptic 
studies. 

Distillation. Distillations at both atmospheric pressure and 
under vacuum were used this study to effect a separation of 
volatile flavor. The former method was used to obtain distillate 
for chemical investigations. It was carried out in an all-glass 
apparatus, Heating was accomplished with a gas flame and con- 
densation by passing the distillate through a tap-water-cooled 
condenser. Condensate was collected and stored in glass bottles. 
To prepare broth concentrates and volatile fractions for organo- 
leptic evaluation, distillation in vacuo was carried out with an 
apparatus similar (except no preheater was used) to that de- 
scribed by Dimick and Makower All parts of the apparatus 
coming in contact with the broth, the concentrate, or the con- 
densate were constructed of glass. Concentrated broth was col- 
lected during distillation in a flask immersed in ice water. Con- 
densation was accomplished by an ice-water-cooled condenser 
and a series of progressively colder traps ending in a dry ice- 
alcohol trap. When the condensate from this vacuum distillation 
was used to reconstitute broth concentrate, contents of all re- 
ceivers of condensate were first pooled and mixed to insure a 
homogeneous condensate 

Flavor evaluation. Determination of relative intensity of 
chicken flavor and odor present in broth samples was accom- 
plished with a taste panel. Flavor and odor, for purposes of this 
study, are defined as previously described (11). Samples were 
ranked for intensity of either chicken flavor or odor, with a rank 
of 1 for the sample having most intense chicken flavor or odor, 
2 for the next most intense, etc. Unless otherwise specified, the 
details of serving broth samples for taste panel evaluations are 
the same as described in an earlier study (11). Significance of 
results was determined by appropriate methods of analysis (15). 

Preparation of broth samples for taste-panel evaluation. 
In 1.5 hours, 4.2 liters of chicken broth was stripped by vacuum 
distillation of 48.4% of its weight. The concentrate was stirred 
and divided into two equal portions. One portion was diluted to 
original volume with distilled water; the other was similarly 
diluted with the condensate. Reconstituted broth samples were 
then placed in tins and held at —20° F. until evaluated. 

Broth distillate was first prepared by distilling, at atmos- 
pheric pressure, 87% of the weight from 4.2 liters of chicken 
broth. Condensate was stored overnight at 4° C. The following 
day the distillate was divided into 2 portions. The smaller por- 
tion was held at 4° C.; the other, 2.2 liters, was passed, at a 
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rate of 7.5 ml./min., through a freshly regetierated, freshly 
washed column (2.5 cm. x 50 cm.) of Dowex 50 in the hydrogen 
cycle. The first 200 ml. of liquid emerging from the column 
was discarded, and the remainder collected in an ice-water- 
cooled flask. After about 2 liters of liquid was collected, the 
process was interrupted and the decationized distillate stored at 
4° C. The following day, 6.30 liters of broth (from the same lot 
used to prepare distillate described above) was stripped in vacuo 
of 582% of its weight in a 3.5-hour run. Concentrate was 
mixed, divided into two 1300-g. portions, and promptly recon- 
stituted. One portion of the concentrate was reconstituted with 
1300 ml. of the unfractionated distillate; the other with 1300 ml. 
of the resin-treated distillate. Reconstitued broth was sealed in 
tins and held at —20° F. until evaluated. 

Reducing values of distillate. Reducing values of the dis- 
tillate and fractions thereof were determined by oxidation with 
alkaline permanganate by adapting the procedure of Friedmann 
and Klaas (8). The oxidizing mixture used in this study con- 
sisted of a mixture of 20.0 ml. of the sample, 25 ml. of distilled 
water, 10 ml. of 5 N NaOH, and 5 ml. of 0.1 N KMnO,. Titra- 
tion of iodine, liberated by permanganate remaining after oxida- 
tion, was done with 0.05 N thiosulfate. Blanks were run with 
each series of determinations. Results were expressed as micro- 
equivalents of reduction per milliliter of sample. 

Determination of sulfide sulfur in broth distillate. Hydrogen 
sulfide present in distillate of chicken broth was determined by 
the methylene blue method, which is specific for sulfide sulfur. 
Conditions used were those described by Sands and co-workers 
(13). An aliquot of broth distillate of size sufficient to contain 
10 to 35 meg. of H.S (usually 10 to 20 ml.) was pipetted into 
5.0 ml. of 20% zine acetate solution. The resulting solution was 
diluted to 50.0 ml. and color was developed as described in the 
reference cited above. Optical density was read on the Coleman 
Model II Universal Spectrophotometer at 680 mg. The amount 
ot H.S present was then determined from a standard curve pre- 
pared from a plot of known amounts of H:S in 50 ml. versus 
optical density of the subsequently developed methylene blue 
color. 

Total sulfur. Total sulfur was determined gravimetrically 
as barium sulfate after oxidation of the sample with alkaline 
permanganate For determination of sulfur present at a concen- 
tration of a few p.p.m. in water (as is the case with broth dis- 
tillate) the method of Potter and Jones (12) was adapted as 
follows. To the portion being analyzed (often one to two liters 
in this study) was added 0.5 ml. of saturated aqueous NaOH and 
5 to 10 ml. of saturated aqueous KMnO, The solution was 
brought to boiling, evaporated to about 30 ml. and then trans- 
ferred, with conc. HCl rinses to a 100-ml. evaporating dish. 
From this point on the procedure mentioned in the above-cited 
reference was followed. 

Isolation and characterization of volatile nitrogen. Chicken 
broth, 4.4 kg., was distilled until 4.2 liters of distillate were 
obtained. The distillate was passed through a column of Dowex 
50 (2.2 cm. x 28 cm.) which had been previously treated with 
1 N HCl followed by thorough water washing. This results 
in quantitative removal of nitrogen from the distillate as will be 
shown in subsequent results. Nitrogen absorbed on the resin 
was then eluted with 1 N HCl! (200 ml.). Evaporation of the 
eluate to near dryness yielded a crystalline residue which was 
stored in a desiccator over CaCl, and dry NaOH until free from 
moisture and residual HCl. Yield of the dry residue was 0.39 g. 
When a portion of it was moistened with sodium hydroxide, 
odor of ammonia was evident. From the hydrochlorides a ben- 
zene-sulfonamide derivative was prepared. Its melting point 
(uncorrected) was found to be 155° C. and showed no depres- 
sion when mixed with the sulfonamide prepared from ammonia. 
It was analyzed for nitrogen and sulfur: found, N, 8.94; S, 20.8; 
calculated for CG.HsSO.NH),, N, 8.91; S, 20.4. The fraction of 
hydrochlorides was purified by redistillation of the amines from 
1 N NaOH into redistilled HCl and subsequent recovery of the 
hydrochloride salts. The dry residue was analyzed for nitrogen ; 
found, 26.21% ; calculated for NH.Cl, 26.18%. 


RESULTS AND DISCUSSION 
Establishment of presence of volatile flavor in the 
distillate. A major part of the experimental approach 
to this study was based on the assumption that volatile 
flavor appears in the distillate of chicken broth. Before 


proceeding with the investigation it was therefore 
desirable to determine whether such distillates contain 
detectable flavor. To do this, a portion of broth was 
concentrated in the vacuum stripper as described in the 
experimental section. Half of the concentrated broth 
was reconstituted with distilled water, the other half 
with the condensate. Organoleptic evaluation of these 
two treatments (Table 1) showed that the portion of 


TABLE 1 
Flavor in chicken broth distillate 


Times ranked first for 


Medium used to reconstitute | intensity of chicken ' 


chicken broth concentrate 
Flavor Odor 


Broth distillate... w 40 31 
Water...... a ao ” 8 17 


1 Difference for favor is significant at the 1% level; for odor at the 
5% level. 
concentrated broth reconstituted with condensate ranked 
significantly higher than the other treatment for both 
flavor and odor. Thus these results establish presence 
of flavoring components in chicken broth distillate con 
firming the results of Bouthilet (3) and justifying 
examination of it for volatile flavoring components. 

Chemical nature of volatile nitrogen. Both the 
amount and a clue to the nature of the volatile nitrogen 
containing compounds was determined by comparing 
nitrogen values of broth distillate before and after pas 
sage through sulfonated polystyrene cation exchange 
resin. In a typical case, the distillate, before fractiona 
tion, showed a pH of 9.7, a nitrogen content of 37.1 mcg 
per ml., and a reducing ability of 2.6 neq. per ml. After 
ion exchange the pH was 4.4, nitrogen dropped to less 
than 0.1 meg. per ml., and the reducing values remained 
about the same. Nitrogen containing components ab 
sorbed on the resin were eluted with hydrochloric acid 
and isolated as the hydrochlorides. Analysis of the 
hydrochloride fraction and from it preparation of the 
benzene-sulfonamide derivative of ammonia showed 
that the hydrochloride fraction consisted of pure am 
monium chloride. Therefore, with the possible excep 
tion of trace substances, ammonia accounts for all of the 
volatile nitrogen. This confirms the results of Bouthilet 
(4). 

Relation of volatile nitrogen to flavor. After chemi 
cal characterization of the volatile nitrogen, there re 
mained the task of obtaining data which would show 
whether it is an important part of volatile flavor. This 
was readily accomplished by organoleptic comparison of 
the flavor of chicken broth concentrate reconstituted 
with the unfractionated distillate (nitrogen containing ) 
and the flavor of concentrate reconstituted with nitrogen- 
free distillate. The feasibility of obtaining the latter has 
already been shown in the work described above. Re 
sults (Table 2) show that the portion reconstituted 
with nitrogen-free distillate ranked significantly higher 
This shows not only the unimportance of volatile 


TABLE 2 


Flavor of decationized (nitrogen-free) 
chicken broth distillate 








: : Times ranked first for 
Medium used to reconstitute intensity of chicken’ 


chicken broth concentrate —_——. — 


Flavor Odor 





Decatir-rized broth distillate een. 26 | 26 
Unfractionated broth distillate .................. 18 17 


1 Differences are significant at the 5% level. ; 











RELATION OF VOLATILE COMPONENTS TO CHICKEN FLAVOR 


nitrogen to flavor but also that the volatile flavor is 
associated with either the neutral or acidic fractions of 
the distillate. 

Chemical nature of volatile sulfur. Bouthilet (4) 
obtained results suggesting the presence, in distillate 
of chicken broth, of a sulfur-containing organic com- 
pound of importance to chicken flavor. Therefore it was 
of particular importance in the present study to com- 
pletely characterize the volatile sulfur. Sulfur content 
of chicken broth distillate was first investigated. As 
described in the experimental section, the methylene 
blue method, which is specific for sulfide sulfur, was 
used for determination of sulfide sulfur in the distillate. 
It was found that typical concentrations of H,S in 
broth distillates studied ranged from about 0.5 to 3 meg. 
per ml. Total sulfur in the distillate was determined as 
harium sulfate following oxidation with alkaline per- 
manganate. With the two quantitative methods avail- 
able it was possible to determine what percent of the 
total sulfur in the distillate could be accounted for as 
hydrogen sulfide. However, before this could be done, 
two properties of the distillate were discovered, which 
if not recognized, could have led to an erroneous inter- 
pretation of results. One was the discovery that sulfide 
present in broth distillate was subject to oxidative loss. 
In order to account for the maximum possible sulfide 
sulfur it was therefore necessary to carry out analyses 
without delay to avoid significant oxidative loss. An- 
other was the discovery that the concentration of sul- 
fide sulfur varied from fraction to fraction of the dis- 
tillate. This is illustrated in Figure 1. Hence, in 
carrying out this type of investigation it was necessary 
to collect the distillate in bulk to insure homogeneity 
hefore withdrawing aliquots for analysis. Analysis of 
the distillate of chicken broth for total and sulfide sulfur 
gave the results shown in Table 3. It is evident from 
these data that all sulfur present in the freshly prepared 
distillate consists of hydrogen sulfide. The constant 
amount of total sulfur over a period of time together 
with decreasing values of sulfide sulfur show that the 
latter undergoes chemical change, doubtless due to 
oxidation, to nonsulfide forms. Similar results were 
obtained in a model system of distilled water, H,S and 
NH,,. 

Volatile sulfur evolved during cooking of chicken in 
water was also studied. Chicken was cooked under 
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Figure 1. Distribution of H.-S in fractions of chicken broth 
distillate. 





TABLE 3 
Total sulfur and sulfide surfur content 
of chicken broth distillate 


Time after distillat 


hours sulfur Total sulfur 


mcg./mil mceg.{/ml. 
) 1.90 
2.02 


1.89 


of nitrogen was passed through 
l 


reflux while a stream 
the cooking flask and subsequently through a system of 
traps. In the first experiment a determination was 
made of the percentage of the volatile sulfur fixed by 2% 
zinc acetate solution. A trap of hot alkaline per- 
manganate was placed after the zinc trap to retain and 
oxidize to barium sulfate any sulfur which might pass 
the zinc acetate trap. At the end of the experiment, 
contents of the traps were analyzed for sulfur. In a 
typical experiment, 1.7 kg. of chicken cooked for 4 
hours, yielded 15 mg. of sulfur in the zinc acetate trap 
but no sulfur could be detected in the alkaline per- 
manganate trap. Hence the zinc acetate quantitatively 
absorbed the volatile sulfur. Since it has been shown 
by Sands et al. (13) that a 2% zinc acetate solution will 
quantitatively absorb H,S and that mercaptans will be 
absorbed to some extent, it follows. that the volatile 
sulfur consists of either H.S and/or the mercaptan 
type. The next experiment, described below, was car- 
ried out to determine whether any mercaptan sulfur 
was present. 

Shaw (14) has shown that a trap of cadmium chlor- 
ide and sodium carbonate will quantitatively absorb 
H.,S and mercaptans. Furthermore, he has shown that 
cadmium mercaptides may be quantitatively separated 
Volatile products from 1.3 kg. 
period were swept 
loride-sodium car- 


from cadmium sulfide 
of chicken during a 4.5-hour cooking 
with nitrogen gas into a cadmium ch 
bonate trap and the cadmium precipitate was separated 
into sulfide and mercaptan fractions as described by 
Shaw (14). Analysis of the two fractions for total sul- 
fur showed that 15.4 mg. of sulfur were present in the 
sulfide fraction while only 0.08 mg. of sulfur was found 
in the mercaptan fraction. The trace found as mer- 
captan sulfur is considered insignificant since experi- 
mental error could account for 1t 

Relation of sulfide to flavor. Liberation of sulfide 
during cooking has been observed for a wide variety of 
foods and is gaining recognition as a volatile flavoring 
component, particularly of cooked and heated pro- 
teinaceous foods. Sulfide has been identified by Almy 

/) among the volatile components of canned fish, by 
Crocker (6) as a flavoring substance of cooked beef, 
has been associated with the cooked flavor of milk by 
Gould and Sommer (9), and is considered to be one of 
the principal flavoring substances of cooked eggs (10). 
Bouthilet (4) concluded that flavor of chicken is associ- 
ated with the volatile sulfur fraction which has been 
shown by the present study to occur predominantly or 
entirely as sulfide. However, on the basis of its occur- 
rence among the volatile constituents of various cooked 
meats, it would seem that sulfide is a general contributor 
to most if not all cooked meat flavors and that obviously 
additional factors and substances are involved in making 
up the composite volatile mixture which is recognized 
as characteristic of chicken flavor 
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SUMMARY 

Distillate of chicken broth was studied to determine 
whether it contained detectable flavor and particularly 
to characterize the nitrogen and sulfur and determine 
how these are related to flavor. Comparison of flavor in 
chicken broth concentrate reconstituted with distilled 
water with that reconstituted with broth distillate 
showed that the latter contained detectable chicken 
flavor. Volatile nitrogen present in chicken broth dis- 
tillates studied was found to consist entirely of am- 
monia. Taste-panel evaluation of broth concentrate 
reconstituted with unfractionated (nitrogen-containing ) 
and nitrogen-free broth distillate showed that the lat- 
ter had most intense flavor, thus demonstrating that 
volatile nitrogen does not constitute part of charac- 
teristic chicken flavor, but indicates, on the contrary, 
that volatile flavor is associated with the neutral or 
acidic components. 

Sulfur present in freshly prepared broth distillate 
was found to consist entirely of hydrogen sulfide as 
shown by the agreement between its total and sulfide 
sulfur content. At room temperature, sulfide sulfur in 
the distillate oxidized rapidly (79% in 48 hours) to 
non-sulfide form. It was found that volatile sulfur 
evolved when chicken was cooked in water was 
quantitatively absorbed by 2% zinc acetate solution, 
thus limiting volatile sulfur to either the sulfide or mer- 
captan type. Absence of mercaptan sulfur was shown 
when determination of the sulfide and mercaptan sulfur 
content of the cadmium precipitate revealed that, within 
limits of experimental error, all sulfur was present in 
the sulfide form. It is concluded that sulfide is a con- 
tributor to meat flavors in general but that obviously 
additional factors and substances are involved in making 
up the composite mixture recognized as chicken flavor. 
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Bacterial Spoilage of Shell Eggs. 
IV. Identification of Spoilage Organisms 
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Posrove WORK BY TRUSSELL et al. (14) has shown 
that the incidence of spoilage bacteria in nest-clean eggs 
from commercial producers is extremely low. Instances 
of congenital contamination are rare and Stuart and 
McNally (11) maintain that the shell is sterile when the 
egg is laid. The egg is infected subsequently to laying, 
therefore, through contact with nest materials, broken 
and spoiled eggs, dirt and faecal material. 

The numerous studies on the bacterial spoilage of 
shell eggs have been adequately reviewed by Romanoff 
and Romanoff (9) and Tanner (72). 

Some attempts have been made to correlate the 
macroscopic changes associated with egg rot to a 
specific causative organism. Pseudomonas, Proteus, 
Escherichia, Alcaligenes and Aerobacter spp. have been 
found in black-rot eggs (4, 6, 15). Red and green rots 
have been associated with strains of Pseudomonas, 
while a Proteus has been isolated from a custard-like 
egg rot (4). In Australia the common colorless rot 
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has been linked with Achromobacter, red rots with 
Serratia sp. and pink rots with a Pseudomonas sp. (1). 

In previous studies (1, 4, 7), no attempts have been 
made to differentiate between those organisms which 
are capable of infecting eggs directly and those sec- 
ondary invaders which can only follow the primary 
infectious bacteria. In this investigation organisms 
originating from local eggs have been isolated and classi- 
fied according to Bergey (2). Their abilities to infect 
eggs directly have been determined and the properties 
of rot producd by specific bacteria have been described. 


MATERIALS AND METHODS 

Eggs. Infected eggs were obtained in 4 groups; two were 
secured at different time intervals as rejects from a commercial 
grading station and the other two groups by holding eggs, 
which had been received from a commercial producer and a 
commercial egg storage firm, at 25° C. for 6 weeks. A “Voge- 
lite” ultra-violet candling lamp, Model 301A, was used to select 
the eggs with visible abnormalities (cloudiness, stuck yolks, 
blood- and meat-spots). 
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For the infectivity tests, nest-clean, infertile eggs, laid by TABLE 
White Leghorn hens, were secured from the poultry farm of Source and numbers of spoiled eggs and bacterial isolates 
the University of British Columbia. 

Bacteriological media. The following media were used: (a) own? Phar -. 
selective medium of Norris et al. (8) for pseudomonads, (b) egg ts fee tan a 
medium of King et al. (5) for fluorescin production by pseu- Cosateieiien , “a 
domonads, (c) tryptone broth, (d) litmus milk, (e) Koser-citrate Commercial ‘ . »3 69 
broth, (f) methyl-red, Voges-Proskaueur broth, (g) Kligler Commer¢ ( 35 
iron agar, (h) Russell double sugar agar, (i) nutrient gelatine, : Commercial P / 86 
(j) nitrate agar, (k) urea agar base and (1) bismuth sulfite 
agar. The preparation of media, (c) to (1) inclusive, used for 
Difco stances the bacteri racterist did not exactly 


With a previ 


physiological testing of bacteria, is described in the 

manual (3 corre spond with « ica lesc1 ) However, the 

Aseptic removal of egg meats from the shell. Each egg was following species were identifiable according to Sergey 

inimersed for 2 minutes in 70% ethanol, aseptically removed ; ~ 

from the alcohol, drained, placed in a deep Petri dish, ignited, 

arid rolled till the flaming stopped. The egg was aseptically re {lcaligénes book Ford) Berge tal 
7 


with reasonable 


moved from the Petri dis] yened with a sterile knife and the {lcaligenes faeca tellani and Chalmers 

contents dropped into a sterile wide-mouth 500 ml. Erlenmeyer licaligenes rect 

lask. For sampling spoiled eggs containing gas, a small hole PE esis ; 
Nad ' ; 4] caligenes metalca: 1es Castellani and Chalmers 

was drilled through the shell and a portion ot the contents re 


-  « 7) om rc 
moved with a sterile hypodermic syringe eudomona ' 


Isolation of spoilage organisms. Serial dilutions of each egg 
meat were plated using both nutrient agar and the pseudomonad Long and Han 
)? 


nedium of Norris et al § After 72 hours incubation at wink kat dieeal 
MEMS CHigaris 


seudomonas put Der! ind Hammer) 


25° C. morphologically-different colonial types were picked 
from the plates and purified by the standard techniques of trans : Halnan 
janting to broth and subsequently streaking on agar plates ld acteriun augnal Bergey et al. 
Chis technique was repeated until purity of the cultures was wobar 
assured scherichia frei 

Identification of isolates. The morphological and physiologi- ? 


Lhericlh . j ’ P * 5 
“pp cherichia inte rkman and Gillen) 
al characteristics of the individual isolates were determined \ 1] 
; aughn an 
according to the procedures in the Manual of Methods for the ughn and 1 
; 


Pure Culture Study of Ba ria (10). Subsequently, classifica- tracolobactru aiu borman, Stuart and 


1 


tion of each isolate according to Bergey (2) was attempted. Wheeler 


Inoculation of eggs with pure cultures. Newly-laid, nest- iracolobactrui a Borman. Stuart and 


clean eggs were held for about 2 weeks at room temperature Say 
mp Wheeler 
until a large air cell formed. Each egg was dipped in 70% 


ad 


ethanol and the blunt end swabbed with 2% lysol, before and 


lchromobac } nS ri nberg ) Bergey et al. 
after drilling through the shell with a high speed drill at the | et al. 
centre of the air sac Che outer membrane was pierced with : 2 
the sharp tip of a sterile pipette and 0.1 ml. of an 18-hour, wo physiologicall erent rains, designated here 


nutrient broth culture was delivered into the air cell. Following i 1) and (b). were nd i A keri, P. vulgaris 
| 


inoculation the hole was sealed with sterile paraffin wax. ind P.. intermediu 


Each isolate was inoculated into an average of 4 eggs (2 only Fae ; , s 
; : ; n addition to the isolates llavobacterium, 
tor each Pseudomonas fluorescens isolate). Control eggs were a 
inoculated with sterile nutrient broth. Eggs inoculated with CON-aerogenes, a . sheiathindd eriaceae, could 
P, fluorescens were incubated at 20° C., all other eggs at 25° ( ot be identified as 
The eggs were candled every 2 days for 30-40 days. The meats Che above species | not be regarded as a com- 
of those eggs showing decomposition were asepti ally removed plete listing of organis vhicl ivy be found in natu- 
at the time of detection and streaked on nutrient agar. The eggs 


remaining at the end of the 30-40 day holding period were also 


rally-infected eggs. |] tion to the 31 unidentified 
checked for spoilage organisms by streaking on agar. In thos« isolates that perishe pecies present in relatively 
few instances where the infecting and the isolated organism did low numbers in eggs ma\ een missed as the 
not correspond, or where infectivity results were inconclusive, indard plating tech: e permits isolation of only the 
the procedure was repeated with new sets of eggs , 


; dominant flora tudying infected 
Macroscopic observations were made on the types of spoilage - 


irom a gre: I r 4 sources, a wide variety 


4 


species may have | found n the other hand, 


RESULTS AND DISCUSSION it is interesting that iram-negative rods were 
und in these isolation studies 


Distribution of organisms according to source. 
listribution of st twet the 4 source lots of 


produced by different species of infectious bacteria 


Isolation and classification of pure cultures. 
Number of eggs handled, number rejected by candling, 
and the number actually infected, together with the . : ; 
’ ‘ r r , ‘ ise histories of 
number of bacterial isolates obtained therefrom, are 
shown in Table 1. A total of 118 eggs were candling Aes 

: aor : : ta 1D iously different. 
rejects ; however, only Si of these were found to con- ; , 

: e principal spoilage organi n Lot 1 


I 


bution of bacterial 


: é Bd ‘ and 3 was 
tain bacteria. Of the 81 eggs containing bacteria, 33 . 
mag ' rescens, and i spp. In Lot 2, 
were fluorescent under ultra-violet candling ; : ; 
on . <i 292 m idomonas, P} f f and Escheri- 
he 81 infected eggs yielded 228 cultures, but 31 
spp. were 


Since the dominant if infecting bacteria found 
ill 4 lots of eggs f intesti rigin, the species 


perished before they could be classified. The mor- 
phological and physiological characteristics of the re- 
maining 197 isolates are given in Table 2. As in most 
classification studies, absolute identification of all or- Classified teom | snetenten es and Hainan (7); 


ganisms encountered proved difficult and in some in- Bergey (2) suggests this org is not a teus. 





Identification 


58 


infecting any one group of eggs is probably associated 
with the intestinal flora of the birds from which the 
eggs have come. 

Differentiation of spoilage organisms according to 
infectability. In Table 4, 176 of the spoilage isolates 
are classified as to their ability, in pure culture, to pene- 
trate the inner shell membrane and infect the shell 
contents. Those species which possess this ability are 
designated as primary invaders, and those which do not 
as secondary invaders. This secondary group probably 
enters the egg subsequent to or in conjunction with 
penetration of the inner membrane by a primary in- 
vader. 

Considerable variation exists between the ability of 
members of the primary group to infect eggs. For 
example, nearly all the eggs inoculated with P. fluores- 
cens, A. bookeri (a) and Paracolobactrum intermedium 
(a) showed rot within 30 days whereas those eggs in- 
oculated with P. vulgaris (b) induced rot in only 14% 
of the eggs. Varying degrees of penetrability between 
these extremes were encountered. These primary in- 
vaders originate from various sources. The majority 
are intestinal bacteria, indicating fecal contamination. 
However, according to sources listed in Bergey (2), 
infection by P. putrefaciens and F. invisible indicate 
probable infection from soil or water. 
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As indicated in Table 3, Achromobacter liquefaciens, 
Alcaligenes bookeri (b), coli-aerogenes indeterminate 
and Paracolobactrum intermedium (b) were found in 
pure culture in four of the original spoiled eggs, yet in 
subsequent tests they lacked the ability to penetrate egg 
membranes. In these cases the secondary invaders had 
probably outgrown the primary invaders so that the 
organisms responsible for breakdown of the membranes 
were not picked up by the plating methods. 

By using candling as a means of gauging the amo 
of decomposition of egg contents, considerable variation 
was found in the rate of bacterial decomposition of eggs 
inoculated with different species. With Proteus melano 
vogenes, infection in 19 out of 24 inoculated eggs was 
discernible by candling after only 5 days incubation 
The activity of P. fluorescens can be detected early by 
candling because of fluorescin production. A non-motil« 
species, Alcaligenes faecalis, after 20 days incubation, 
showed detectable decomposition in only one of 20 
inoculated eggs. A wide degree of variation in rates of 
infection between the above extremes was encountered 

The principal barrier to entry of egg interiors by bac 
teria is the impervious inner membrane. In studies to 
be reported separately (16), it has been found that P 
fluorescens is able to penetrate the inner membrane in 
approximately 20 hours. Membrane proteolysis is a 


int 


TABLE 2 
Identification of bacterial isolates 


| 


Glucose utilization 
Lactose utilization 


uram Stain 


Morphology 
Motility 


{icaitgees 


booker (a 
bookeri (b) 
faecalis 


Polar, Peri 
Polar, Peri 
Peri 


rectt 
metalcaligenes 


Pseudomonas 


fluores ne 
putrefaciens 


Polar 
Polar 


Proteus 


vulgaris (a) 
vulgaris (b) 
melanovogencs 


Peri 
Peri 


Peri., Polar | 4 


F lavobacterium 
invesible 


lactis 
indeterminate 


Rods 
Rods 


Escherichia 


freundi 
intermedium 


Paracolobactrum 
intermedium (a) 
intermedium (b) 


acrogenotdes 


t{chre 


liquefaciens 


ferobacter 


ciwaces 


Colt-Aerogenes inde 
terminate 


»mobacter 


Pleo. Rods 
Pleo. Reds 


Pleo 
Rods 
Pleo 


Rods 
Rods 


Rods 


Pleo. Rods 


Pleo. Rods 





Achromobacteriaceac 


indeterminate 
Died before 
identification 


Total 


Pleo = pleomorphic 
Peri = peritrichous 
= acid 


positive 
negative 
variable A 


Methul-Red Test 


AG 


P 
R 


Voges Proskauer Test 


gar 


Urea Utilization 
Citrate Utilization 
Gelatine Liquefaction 
Optimum Temperature 
Nitrate reduction 
n Bismuth 
Sulphite 


H.-S Formation 
Litmus Milk 





Base P 

Base Slow P 
Base 

Base 

Base 


| Base P 
| Rapid R 


4 


| NC 
| Sl. Acid 
Acid 


~+Acid | Small gree 
Small greet 


PP 


| NC 
Acid 
NC Base 


| 
| Acid 
Acid 


Acid ( 
Inc 

Acid Black 
metallic 
| halo 


i 
| NC 


Acid C 


Acid Small black 


acid and gas NC = no change 
proteolysis : = coagulum 


reduction Si = slight 
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TABLE 3 
Number of eggs in different egg lots infected with 
identified species 


Lot 2 Lot 3 Lot 4 Total 


Speci eggs) (14 eggs) | (27 eggs) | (81 eggs) 


Pseudomor 
fluoresce? 
putrefactens 


{lcealigenes 
booker 
bookeri (t 
faecaits 
rectt 


metalcaligenes 


Proteus 


vulgaris (a) 
vulgaris (b) 


melanovogenes 


Paracolobactrum 
intermedium (a) 
intermedium (b) 


aerogen 


Flevobacteriun 
invisible 
lactis 
indet 

Escherich 
freundu 


intermedt 


{chromobacter 


tquefactcr 


robacter 


ne species of organism 


probable explanation for this penetration and the differ- 
ence between primary and secondary invaders may be 
due to the presence or absence in the bacteria of an 
enzyme system capable of lysing the inner membrane. 
Similarly the variation in rate of infection between indi 
vidual species may indicate differences in the reaction 
rates of their membrane-lysing enzyme systems. 
Association of type of egg-rot with causative or- 
ganisms. In Table 4 are listed the types of rot as- 
sociated with each primary invading species. The 
visual changes and odor for each type of rot are de- 


scribed in detail in Table 5. These changes are specific 


ganisms 


to and characteristi 


species. Although the 


spoiled eggs is the rul 


a guide to the predor 


photograph illustrati 


countered was take 
Rots caused by 
here as “fluorescent 
to avoid confusior 
{lcaligenes spp iF 
fed as “black” 
age progresses, 
olive green to 
k green at th 
In the “yel 
(a), the yolk is 
occasionaliy streak 
“black” has beet 
by P. melanovogen 
from “green” rot 
in tne yolk and b 
pared to the orang: 
“red” rot described 
which has not beer 
ganism heretofore 
iscribed to P. flu 
“custard” rot is cat 
dium (a) and det 
color and texture 
this type of rot to 
oteus commonly 
rot caused by A 
ares in its descriptic 


/ 


hro nobac fé 


] 
I 
/ 


A 
were (al 
mainly of intestinal 

2 lhe principal 
Auorescens and Al 


were found in about 


infected eggs examined 


> 


TABLE 4 
Differentiation of spoilage organisms according to their ability to penetrate and infect shell eggs 


Species Isolates Eggs 
tested noculated 


Primary Invaders 
Pseudomonas fluorescens 
Alcaligenes bookeri (a) 
Paracolobactrum intermedium 
Proteus melanovogenes 
Pseudomonas putrefaciens 
Proteus vulgaris (a) 

{icaligenes metalcaligenes 
Flavobacterium invisible 
dicaiigenes faecalis 
Proteus vulgaris (b) 


Secondary Invaders 
Achromobacteriaceae indeterminate 
Achromobacter liquefaciens 
Aerobacter cloacae 
Alcaligenes bookeri (b) 

Alcaligenes recti 

Coli-aerogenes indeterminate 
Escherichia freundit 

Escherichia intermedium 
Flavobecterium indeterminate 
Flavobacterium lactis 
Paracolobactrum acrogenotdes 
Paracolobactrum intermedium (b) 


an d bad 1 


From 8] inrecté d 


59 


vidual infecting bacterial 

f mixed infections in 

the color of the rot is 

rganism. A color 

types of rots en- 
POses 

have been classified 

than “green” (1, 4) 

’ rot caused by 

previously classi- 

changes as spoil- 

ss streaked with 

ing in color from 

at the opposite 

used by A. bookeri 

and dark yellow, 

In this study, 

the rot caused 

readily distinguished 

sence of green color 

the albumen com- 

‘sreen” rots. The 

by P. putrefaciens, 

egg spoilage or- 

rots have been 

rratia (1). The 

a) and P. inter- 

the custard-like 

/) has ascribed 

teus species, but states that 

s black 1 The “coloriess” 

1. faecalis com- 


be d by Alford (1) 


SUMMARY 


obtained from four sources, 
re culture. All or- 

i-shaped bacteria 
vere Pseudomonas 
strain (a) which 
respectively, of the 


[ype of rot 


escent 
and yellow 


st 


Red 

rd 
Colourless 
Mixed 
Colourless 


Homogeneous, rusty red 
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TABLE 5 
Changes in eggs associated with spoilage by different bacterial species 


Changes 
Days after 


noculation Albumen Yolk Membranes 
Fiuorescent—-Green—P. fluorescens 


None 
Stuck 


None None 


Fluorescent on candling 
None None 


Chartreuse green in white light 

Fluorescent in black light 

losing Encrusted at air sac end in pink bac None None 
terial mass 

Completely encrusted in bacterial mass, 
vitelline membrane disintegrating 


Thin; light tan colour; 
fluorescence 
None Cheesy 


Thin; tea coloured; no 


fluorescence 


Red—P. putrefaciens 


olive-green streaks; stuck Rusty-orange mass on air Ammonia, tarr 


sac membrane 
Greyed; orange brown 


Thin: light blood-red to rusty Soft, mealy; 
orange 


Thin; light blood-red Strong ammo 


Soft; black 
putrid 


Green—A. bookeri (a 
Vitelline membrane streaked with olive 
green; gelatinous 
Opaque gelatinous solid olive green to 


black 


range brown; transparent None Hazel nut 


range brown; transparent 
Hazel nut 


Weak 


Yellow—A. bookeri (a 
dark yellow, translucent None 


Weak 


Hazel nut 
Hazel nut 


Mealy; 


Gelatinous solid; translucent dark 


range brown; transparent 


range brown; transparent 
yellow 
Custard—P. vulgaris (a), P. inter 

medium (a 

Stuck; vitelline membrane weak None 

Opaque-custard appearance outsick None 

normal 


Slight putr 


Translucent 
Slight puts 


This range tint 
swollen; inside 


Solid opaque custard yellow None Putrid 


Thit orange tint 


Black—P 


Gelatinous solid; opaque black 


meclanovogenes 


Weak, grey 


Thir creamy grey-green with 


ean bacterial masses 


Colourless—A. faecalis, A 
metacaligenes 
Air-sac end encrusted in creamy bac 
terial mass; vitelline membrane weak 


3. Difco Manual of Dehydrated Cultures Media and Rk 
for Microbiological and Clinical Laboratory Prox 
1953, 9th Ed., Difco Laboratories, Detroit 1, Mi 

Haines, R. B. Observations on the bacterial flora 
hen’s egg with a description of new species of /’7 
Pseudomonas causing rots in eggs. /. Hyg., 38 
(1938). 

Kine, J. V., Camppenr, J. J. R., ano EaGies, B 
mineral requirements for fluorescin productior 
Research, 266 * 514-519 (1948). 

Mixes, A. A., ANp HaLmAN, E. T. 
organism (Proteus melanovogencs) causing blac} 
eges. J. Hyg., 37, 79-97 (1937). 

Mitier, W. A., ANd CrAwrorp, L. B. 
fluencing bacterial penetration of eggs. 
303-309 (1953). 

Norris, F. C., Camppecr, J. J. R., ann Ney, P 
intermediate metabolism of /’seudomonas 
Can. J. Research, 27C, 157-164 (1949). 

Romanorr, A. L., Anp Romanorr, A. J. The A: 

1949, John Wiley and Sons, Inc., New York, N 
Vanual of 
1955. Biote: 


3. The distribution of bacterial species in infested 
eggs varied between different egg sources. Of the 81 
eggs, 32 contained pure cultures of one organism. 

4, OF 19 identified unclassifiable 
isolates found in eggs, only 10 identified species in pure 
culture were capable of penetrating the inner membrane 
of the egg and infecting the egg contents. These were: 
Pseudomonas fluorescens, P. putrefaciens, Alcaligenes 
A. me talcaligenes, A. faecalis, Pro- 
(b), P. melanovogenes, 
Paracolobactrum inter- 


species and 11 


hbookeri strain (a), i doce sine! 
¢ spccics 
and 


and 


teus vulgaris strains (a) 
Flavobactertum invisible 
medium strain (a). 

5. Species that were found growing in eggs but which 
were incapable of penetrating egg membranes were: 
Achromobacter liquefaciens, Aerobacter cloacae, Alcali- 
genes bookeri strain (b), A. recti, Escherchia freundi, 
Flavobacterium lactis, Paracolobac- 
trum aerogenoides and P. intermedium strain (b). 
Three Achromobacteriaceae, three coli- 


some tact 
Poultr 


E. intermedium, 


Society of American Bacteriologists. 


unclassifiable ; | 
for the Pure Culture Study of Bacteria 


aerogenes and five /lavobacterium also were unable to 
penetrate egg membrane. 

6. The rate of egg-membrane penetration and the 
rate of egg-meat deterioration varied with different 
bacterial species. 

7. The odor and appearance of eggs spoiled by spe- 
cific bacterial species are described. 
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technical papers) 
utilized for cals. and can decrease N and 
K deficits induced by diets inadequate 
in caloric content. 


Metabolism of trichloroethylene in the 
bovine. 

Setox, T. A., AND Scuuttze, M. O 
(Univ. Minnesota, St. Paul). Proc. Soc. 
Exptl. Biol. Med., 90 (2), 314-16 (1955) ; 
Biol. Abstr., 30 (7), No. 18889 (1956). 

From 3 to 12 g. of trichloroethylene was 
given orally to calves, weighing about 
100 Ibs., for 4 to 5 days. Analysis of the 
urine by a modification of the Fujiwara 
reaction showed about 1% of the tri- 
chloroethylene was excreted as trichloro- 
acetic acid and from 13 to 25% as tri- 
chloroethanol (free trichloroethanol and/ 
or conjugated as urochloralic acid). Ex- 
cretion of trichloroethanol ceased quickly 
after feeding of trichloroethylene was 
stopped, but excretion of tricholoroacetic 
acid, at reduced levels continued longer. 
Only traces of trichloroethylene were ex- 
creted in the urine. 


ENGINEERING AND 
PLANT EQUIPMENT 
A study of the application of the spouted 
bed technique to wheat drying. 
Matuur, K. B., anp Gisuver, P. E. 
(Natl. Research Council, Ottawa, Can- 
ada). J. Appl. Chem., 5, 624-36 (1955) 
A spouted bed can be used to a,fitate 
solids that are of too coarse and uniform 
a particle size to be fluidized satisfactrily. 
Data are given for the application of this 
technique to the drying of wheat. 


Safety factors—How far do you go in 
designing them into the plant? 

De Luca, J. A. Ind. Eng. Chem., 48 
(7), 36-9A (1956). 

Outline of methods used by Du Pont 
Company’s Design Division to insure the 
incorporation of safety factors in a plant 
right from the design stage. 


Flammable liquids in the laboratory. 

MacCutcHeon, S. M. (Dow Chem. 
Co.). Ind. Eng. Chem., 48 (8), 63A 
(1956). 

This editorial feature on safety sets up 
guides for the handling and storage of 
flammable liquids used in lab. quantities. 
To cope with the hazards of a wide variety 
and shifting quantities of solvents, proper 
storage and adequate restrictions and 
standards to ensure safe handling are 
recommended. 
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COCOA AND COCOA PRODUCTS 
Determination of the shell content of 

cocoa products. 

Sacusse, M., anp Geutinc, M. (Chem. 
Landesuntersuchungsamt, Nordrhein- 
Westfalen, Ger.). Zucker- u. Susswaren- 
wirtsch., 9, 453-5 (1956); Chem. Abst., 
50, 12342c (1956). 

Chem. methods alone are in general in- 
adequate for detg. the extent of shell con- 
tamination of cocea products. A combi- 
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nation of complete analysis and micr: 
scopic estn. of the mucoid cells and scler 
ides is more satisfactory 


COFFEE AND COFFEE PRODUCTS 


The effect of coffee on gastric secretion. 

Persipsku, V. Ya. (O. O. Bogomolets 
Med. Inst., Kiev). Fiziol. Zhur., Akad 
Nauk Ukr. R.S.R., 1, No. 6, 76-82 (Rus- 
sian summary 83) (1955) ; Chem. Abstr., 
50, 10269e (1956). 

A total of 161 exptl. observations were 
made on 39 individuals in normal health 
as controls. The exptl. group consisted 
ot individuals who suffered certain gas- 
trointestinal disturbances. Coffee was 
found to be a strong stimulant to gastric 
secretion in men under all conditions of 
the gastrointestinal tract. Under exptl. 
conditions a drink contig. 15-20 g. of 
coffee per 300 ml. of H.O exerted the 
highest gastro-secretory stimulation, 
which was considered equivalent to that 
of beef bouillon. The stimulating gastro- 
secretory effect of coffee is conditioned 
basically by the neuro-humoral mechan- 
ism. The stimulating gastro-secretory 
effect of caffeine-free coffee is only 
slightly inferior to that of the original 
infusions of coffee. Raw and roasted 
coffee beans gastro-secretory 
effects of equal intensity. The addn. of 
sugar lowers the effect of the coffee, 
while the addn. of cream renders the 
stimulating effect of coffee upon the gas- 
tro-secretion to become latent; it also 
lowers the HCl content of the stomach 
and delays the emptying of the stomach 
into the intestine. It is suggested that 
black coffee be excluded from the diet of 
patients with an hyperfunctioning gastric- 
secretion, or those suffering from gastric 
hyperacidity and especially from patients 
having gastric ulcers and hyperacidic gas- 
tritis. Such patients may be permitted to 
have coffee with cream and 
Patients with a lowered gastro-secretory 
function should be given slightly sweet 
ened coffee. 


possess 


sugaf 


Niacin in coffee and its nutritional im- 
portance. 

Daum, M. G. Arch. venesol. Nutr., 6, 
61-70 (1955); J. Sci. Food Agr., 7 (8) 
ii-67 (1956). 

Coffee, roasted, milled and hydrolyzed 
with HCI in an autoclave at 28 lb. pres- 
sure for 30 min., was assayed for niacin 
microbiologically using Lactobacillus ara- 
binosus, and was found to contain 33.9 
mg. per 100 g. Coffee prepd. as a 10 g 
per 100 cc. infusion by household methods 
gave 3.4 mg. per 100 cx 


FATS AND OILS 


Oil distribution in different parts of the 
coconut kernel. 

Setrui, A. S., AND Kartua, A. R. S 
(Indian Agricultural Research Inst., New 
Delhi, India). Fats, Oils Det., 13 (5), 
B1: 310; 365 (1956). 

There was no large variation between 
the characteristics of the oil from the 
innermost to the outermost layers as in- 
dicated by I values. From the variations 


ontent it was postulated that the 

ntent in different parts of the kernel 
increases with the time for which the part 
has been growing on the basis of the de- 
velopment of the kernel to maturity. In 
sampling copra it is suggested that the 
pper and lower halves of the kernels 
should be selected in equal nos. and ver- 
tical sections of these should be collected 


for analysis. 


MEAT AND FISH 


Fish proteins and their utilization. 

1. Sci. and Ind. Research (India) 14A 
(9), 453 (1955) ; World Fisheries Abstr., 

4), 45-6 (1956) 

The Dept. of Biochem., Inst. of Sci., 
Bombay, India, has been exptg. for the 
last 4 years on the prepn. and utilization 

proteins from fish, particularly from 
the waste muscle of shark, skate, ray, 
fish meal, etc Considerable progress has 
the prepn. of edible proteins 
devoid of fishy smell. The fish proteins 
are easily digestible and contain all the 
essential amino acids in a fairly good pro- 
portion. The 1 proteins have been 


been made in 


prepd. by a simple method similar to that 


described for the manuf. of Wiking Ei- 
German fish protein product. 
In vitro digestion with proteolytic en- 
zymes and microbiological assay of the 
tein hydrolyzates for amino acids re- 
ealed that the fish proteins compare 
favorably with casein. The high concns. 
lysine, arginine, cystine and other 
ino acids in fish proteins make it a 
iluable supplement to diets composed 
ainly of cereals, pulses and vegetables. 
fish proteins may find application in 

mus industries like textiles, leather, 
synthetic 


\ r 
e18S a 


confectionery, plastics, 


and pharmaceuticals 


POTATOES 


Flavor of dehydrated potatoes made 
from material treated with tetra- 
chloronitrobenzene (TCNB). 
opInG, E. G. B., Tucker, C. G., AND 

Harries, J. M. Fisheries and Food Re- 

sear Establishment, Aberdeen, Scot- 

land). J. Sci. Food Agr., 7, 411-16 

(1956) 

Tests conducted by panels in Aberdeen 
London showed that King Edward 
at treated with technical grade 

[CNB, yielded dehydrated products with 

persistent taint, which increased with 

period of storage of the raw potatoes. 
eavy leaching during processing slightly 
luced the extent of the taint. 


‘tatoes 
potatoe 


PHYSICAL RESEARCH 


A light scattering investigation of the 
retrogradation of amylose. 

Foster, J. F., anp SterMan, M. D. 

Purdue Univ., Lafayette, Ind.). J. Poly- 

er Sci., 21, 91-101 (1956). 

Studies of the rate of retrogradation 
(pptn.) of amylose from aq. soln. utilizing 
turbidity studies, are reported. A marked 
yendence of rate on the prior phys. state 
the amylose prepn. is demonstrated. 
particular it is concluded that retro- 
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gradation is retarded by increased per- 
fection of the helical cryst. form. It is 
suggested that the rate of retrogradation 
is primarily governed bv the rate of dis- 
ruption of the intramolecularly H-bonded 
helical form of amylose. The process of 
retrogradation is thus akin to the preva- 
lent picture of protein denaturation. 


RADIOCHEMICAL 
TECHNOLOGY 
Longevity and causes of death from ir- 

radiation in physicians. 

Warren, S. (New England Deaconess 
Hosp., Boston, Mass.). J. Am. Med. 
Assoc., 162, 464-8 (1956). 

This study indicates that not only do 
radiologists and specialists exposed to 
some degree of radiation show a shorter 
mean life span than that of physicians, 
assumed not to be exposed to radiation, 
but they die younger from practically 
every cause of death. This strongly sug- 
gests that radiologists are subject to some 
common factor that lowers their resistance 
to disease and hastens the aging process. 


MISCELLANEOUS 
INFORMATION 


New problems of food safety. 

Vornes, F. A., anno Lenman, A. J. 
(Food and Drug Administration). Public 
Health Repts., 71, 571-6 (1956). 

This article reviews the safety problems 
involved in food production, including a 
discussion of cold sterilization, changes in 
nutrient values as a result of radiation 
and the position of the Food and Drug 
Administration on the use of antibiotics 
and pesticides in foods. The author 
stresses that the main reason for concern 
is the uncertainty surrounding these sub- 
stances and their effects rather than any 
knowledge of actual harm. 


Progress in soybean research. 

McKiwney, L. L. (U.S.D.A., Peoria, 
Ill.). Soybean Digest, 16 (11), 66-72 
(1956). 

This report on research work on both 
soybean meal and oil by Northern Utili- 
zation Research Branch includes the de- 
velopment of methods for measuring 
urease in toasted and raw soybean oil 
meals, the use of the hemagglutinating 
test to correlate the degree of toasting 
with the nutritive value of soybean oii 
meals, the development of a flash desol- 
ventizer for producing undenatured soy- 
bean meal products for industrial applica- 
tions, and the development of vinyl ether 
derivs. of soybean oil fatty alcs. for use 
in protective coatings. 


PATENTS 


Production of fish product. 

Hampton, W. F., anp Mauer, E, 3. 
Can. 530,243, September 11, 1956. 

A process for making a fish product 
which comprises combining pieces of fish 
and freezing the combined pieces to form 
a substantially solid, integral mass, sub- 
dividing the frozen mass into consumer- 
sized units substantially all of which are 
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formed of a plurality of fragments, coat- 
ing the frozen units with a batter and sub- 
jecting the coated frozen units to deep fat 
frying, the batter being cooked to form a 
substantially continuous surface layer pre- 
venting disintegration of the units as they 
thaw throughout during cooking, and 
then refreezing the cooked units for stor- 
age and distribution to the consumer. 


Cloud stabilization of citrus juice prod- 
ucts. 

Stevens, J. W., anv Pritcuett, D. E. 
Assignors to Sunkist Growers. U. S. 
2,764,486, September 25, 1956. 

A method of prolonging the natural 
cloud stability of a citrus beverage base 
contg. at least about 40% sol. solids in- 
clusive of about 10% fruit acids which 
comprises incorporating therein an amt. 
of Na hexametaphosphate calcd. to pro- 
vide about 20 to 400 p.p.m. thereof in the 
final beverage, and of locust bean gum to 
provide about 1 to 30 p.p.m. in the bever- 
age. 


Process for making fat-soluvie vitamin 
active powder. 

CANNALONGA, M. A., ANd Macimp, L. 
Assignor to Hoffmann-La Roche Inc. 
U. S. 2,756,177, July 24, 1956. 

A process which includes a step (1) of 
forming an aq. emulsion contg. dispersed 
therein a fat-soluble vitamin-active ma- 
terial and a protective colloid, and a step 
(2) of converting the emulsion to a dry 
particulate form contg. the non-aq. con- 
stituents of the emulsion: the improve- 
ment which comprises effecting the step 
(2) by introducing droplets of the emul- 
sion into a mass of starchy powder pre- 
dried to a moisture content of not more 
than about 8%, keeping the droplets in 
the powder sepd. from each other until a 
particulate form has been established in 
the individual droplets by loss of a portion 
of their contained H,O to the starchy 
powder, and then completing the drying 
of the individual partially dry vitamin- 
active particles so formed; the indi- 
vidual droplets of the emulsion contg. 
such amt. of non-aq. constituents that 
upon complete drying the vitamin-ac- 
tive particles formed from the respective 
droplets are substantially entirely in the 
range from about coarser than 150 mesh 
to about finer than 10 mesh; the grains of 
the starchy powder being substantially 
entirely finer than 150 mesh. 


Stabilized vitamin preparations. 

Wakxety, R. D. Assignor to Peter 
Hand Brewery Co. U. S. 2,758,924, 
August 14, 1956. 

A stable vitamin A prepn. comprising 
the reaction product of (a) a material se- 
lected from the group consisting of vita- 
min A and derivs. of vitamin A and (b) 
a member of the group consisting of 
desoxycholic acid and apocholic acid. 


Food supplements and process of pre- 
paring the same. 

Basu, I. J., anv Ross, C. Assignors 
to C. Ross. U. S. 2,764,485, September 
25, 1956. The method of prepg. homoge- 
neous integrated particles of table salt 


including a minor proportion of vitamins 
which will not sep. from the salt upon 
standing or shaking, which comprises 
dissolving table salt in H:O to form a 
satd. soln., adding vitamins to the soln., 
the temp. of the soln. being insufficiently 
high to cause deterioration of the vita 
mins, spraying the combination of salt 
soln. and vitamins under pressure into a 
vessel in order to secure an intimate and 
homogeneous mixt., drying and grinding 
the resulting product. 


Method of producing condiments. 

Yanick, N. S. Assignor to Kraft 
Foods Co. U. S. 2,760,869, August 28, 
1956. 

The method of preserving the charac 
teristic flavor of fruits after breaking 
down the phys. structure of the fruit, the 
fruit being of the type which derives its 
characteristic flavor through enzymatic 
action between an enzyme and a substrate 
naturally occurring in the fruit, the 
method comprising the steps of non- 
destructively inhibiting the reaction of 
the enzyme with the substrate by mini- 
mizing ‘the contact between the enzyme 
and substrate during the breakdown of the 
phys. structure, and maintaining the 
enzyme with the substrate in a viable 
form. 


Process for hard candy coating food 
particles. 

MAssMANN, W. F., Micuaet, E. W., 
AND VoLuink, W. L. Can. 528,802, Au- 
gust 7, 1956. 

A process for hard candy coating ar- 
ticles which comprises heating a molten 
candy contg. about 3.6-6.5% moisture to 
a temp. of about 320°-350° F. under pres- 
sure not less than the vapor pressure of 
the candy mix so that its moisture content 
remains in the liquid phase in intimate 
contact with the sugar and spraying the 
candy onto the articles to be coated, the 
moisture content of the candy being re- 
duced at least to about 2.5% as a result 
of the spraying. 


Thaw indicator. 

Zorr, G. W. Assignor to Monsanto 
Chem. Co. U. S. 2,762,711, September 
11, 1956. 

The combination with a packaged 
frozen product, a thaw indicator com- 
prising a clay-aromatic amine color body 
subject to change in color on contact with 
liquid H.O but having its color unaffected 
by contact with ice and accessible to 
liquid HO on the occurrence of thawing. 


Method and apparatus for freezing sol- 
vents out of solutions. 
Statrery, G. H. U. S. 
September 25, 1956. 


The process of concg. orange juice 
which comprises the steps of cooling 
orange juice to about +5° C., introducing 
into the orange juice near the bottom 
thereof a continuous stream of droplets 
of deodorized kerosene-free mineral oil 
having a temp. of about —20° C., and re- 
moving from near the top of the orange 
juice the ice-encrusted droplets thereby 
formed. 


2,764,488, 





A penny is small, yet, very often, it can be a big factor in 
the success of a business. Many businessmen, in the process 
of trying to save a penny or two, here and there, sometimes 
end up by losing dollars. The trick is to save without sacri- 
fice. And so it goes in food processing. 


Many processors use top grade ingredients and the latest 
techniques — yet, when it comes to spices—the small but 
significant ingredient that gives the product its taste, its 
sales appeal—many do their skill an injustice. After all 
this care, they cut corners when it comes to spices. 


Knickerbocker spices ...cinnamon, mace, nutmeg, paprika, 
ginger...are selected for manufacturers. They make the 
difference between a product that is just “O.K.”—and one 
which will bring increased sales. From its raw state to its 
final form, each variety is kept uniform in quality...con- 
sistent in strength and flavor. And because Knickerbocker 
spices are real spices... there’s less loss of flavor... you'll 
find they are stronger...more aromatic... you'll use less! 


Not only will your customers taste the difference— your 
cash register will show the difference. Price lists and de- 
tailed information are available on request. 


KNICKERBOCKER MILLS CO. 
601-621 West 26th Street New York 1, New York 


Ne mien 
KNICKERBOCKER 


SPICES 


Since 1842 America’s Leading Importers of Fine Spices 
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IFT ACTIONS AND REACTIONS 
(Continued from page 18 preceding technical papers ) 
his bench. Two reasons for this come to mind: Studies 
have been shown that the food industry employs few 
non-technical employees to assist their technical men. 
This runs the cost up quickly. Another factor is the 


TABLE 3° 
Cost of research per pootartianst ehaiont person: 1951 


All rms 
Median figures 


$15,000 
.. 10,000 
29,000 
21,000 
23,000 
_ 14, 000 


Page 40. Table 





Industry 


Food and kindred products 
Leather 

Motor vehicles and parts 
Aireraft and parts 

Other transportation equipment 
All firms 


*“Spending for Industrinl Research, 1951-1952.” 
ItT-5. 


expense that food studies involve. Much of the work 
done must be quickly pilot planted. Every research 
director knows that this procedure is the most expen- 
sive form of research. It will be interesting to have the 
facts-—to see how many men there are in the product 
development phase of the industry. The Institute sur- 
vey should provide some interesting information on 
this point. 

Table 4, from the National Science Foundation re- 
port (7), shows that of the 3,699 million dollars spent 
on research and development in 1955, 54.2 million or 
1.5% of the total appropriated by al! industries was 
spent by the food industry. The transportation indus- 
try ranked lowest with 0.6% of the total. 

Table 5, from the National Science Foundation Re- 
port (1) tells us that of the scientists and engineers 


TABLE 4' 
Research and development cost 


Research and 
deve lopment cost 


Industry 
Millions of Percent 


dollars distribution 


$3,699.4 100. 0% 

$4.2 1.5% 
361.1 9.8 
778.3 21.0 
20.4 0.6 


Page 14. Table 1 


All industries 

Food and kindred products 

Chemicals and allied products 

Electrical equipment 

Transportation and other public utilities 


t “Science and Engineering in American Industry.” 
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employed in industry 2.6% are employed i in the food 
industry. This compares with 11.3% in the chemical 
industry—the high industry in this category as in 
others. Note that 39% of the employed chemists are 
in the chemical industry. Only 7.7% are in the food 
industry. 

Table 6, from the Manpower Resources study made 
by the U. S. Dept. of Labor (2), points up the fact 
that of the chemists employed in the food industry 39% 
are in research and development, 32.6% are in analysis 
and in testing. Note the salary effect. Comparison of 
analysis versus development will be discussed later in 
this paper. 

Table 7 discloses the attitude and philosophy of 
management in the food industry toward things tech- 
nical. This table, taken from the Department of Labor 


TABLE 7° 
Industries in which chemists were employed, 1951 


Tota 
All industries +7 
Food and kindred products 
Furniture and fixtures 
Chemical and allied products 


Page 


416 Manpower Resources in Chemistry and Chemical Engineering 
68. Table A-13. 


Study (2), shows that of the total number of industry 
employed chemists surveyed in 1951, 47,270, only 2,373 
were in the huge food and kindred products industry 
This compares well with the phenomenal low of 13 in 
the furniture industry. (One wonders how they were 
ever ferreted out.) There were 17,596 chemists in the 
chemical industry. 

In summarizing this section, then, we should admit 
that cold numbers show the food industry to be a sleep- 
ing giant. By far the largest of the industries, it has a 
long way to go to equal the research expenditures of 
some of the smaller industries. It could be added that 
this state of affairs also applies to profit on the food 
sales dollar. There are those who attempt to correlate 
food industry research expenditure with food industry 
profit. The usual answer to this suggestion is that the 
food industry is different, it deals directly with con 

(Continued on page 32) 


TABLE 5 
Total scientists and engineem, by soeupations! group and industry, yannany 1954 


Industry ‘All groups 


2.6% 
11.3 
10.9 
11.0 
8.8 


"Page 21. Table 7 


Food and kindred products 

Chemicals and allied products 

Machinery 

Electrical equipment 

Aircraft and parts 
*“Secince and Engineering in American Industry.” 
2 (1) Less than 50 cases. 


Engineers 3 


Physicists Mathematicians 


Chemists 


Percent distribution 


7.7% | 0.7% 
39.0 8.5 
1.8 5.7 
5.0 28.6 
1.7 16. 1 


TABLE 6' 


_ Functions performed by chemists in each industry, 1951 





All 


functions 


Number 


47, 274 


All industries : 
Food and kindred products 2 372 


“Manpower Resources in Chemistry and "Chemical Engineering. e Page 75. 
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Percent of chemists in 


Analysis 


Research 
and | Production 


and Management 


development | testing 


45.1 11.1 18.3 
39.0 15.3 32.6 


Table A-18. a 





For years, makers of candies, flavors, cough __ the resultant formulations are relatively unaf- 
fected by freezing and thawing. 

Other fields, too, will benefit from this com- 
patibility of Glycerine. Nontoxic lubricants are 


now possible. Important improvements in print- 


syrups, lozenges, lotions and other food, drug 
and cosmetic preparations have used Glycerine 
to provide humectant, demulcent or solvent ac- 
tion. Recent research with new thickening 
agents indicates that these properties of Glyc- 
erine will soon be extended to a whole new 
range of food and drug preparations. 
Glycerine has been known for years to be 
compatible with conventional water soluble 


ing inks, grinding and polishing pastes, gasket 
seals—all making use of Glycerine’s unique bal- 
ance of properties—are promised. 

The versatility that has won such wide ac- 
ceptance for Glycerine in the past continues to 
open new doors to chemical progress. In paints, 


gums and gelling agents such as Gum Arabic 
. . for to- 


and Karaya. New studies show that Glycerine foods, pharmaceuticals, packaging . 
is also compatible with a majority of the new morrow’s surge of specialties . . . in new formu- 
synthetic gums. In most cases, Glycerine sup- lations, reactions and processes, nothing takes 


plements the bodying action of these gums, and the place of Glycerine. 


Gens: usefulness 


20-page booklet on 8-page booklet on coal 16-page booklet on 
Glycerine for product “Federal Specifica- = Glycerine properties 


conditioning tions for Glycerine”’ and applications 


For your free copy of any or all of these booklets write: GLYCERINE PRODUCERS’ ASSOCIATION + 295 Madison Ave., New York 17,N.Y. 
29 
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(Continued from page 28) 

sumer outlets and the consumer himself. So does the 
automotive industry. One has the feeling though that 
the picture is not as black as it appears—the sleeping 
giant is slowly turning in his sleep. Research invest- 
ments are rising somewhat 
—particularly those of the 
larger food producers. Man- 
agement is beginning to 
look hopefully to research as 
a way out of this low profit 
corner. Dr. Charles Glenn 
King in a recent speech 
before the Chicago Section 
of the Institute stated that 
one of two major problems 
facing better nutrition in 
this country is the urgent 
need to get research repre- 
sented at top management 
level in our food companies 
where they can engender 
the kind of philosophy and 
support necessary for nu- 
tritional planning in the years ahead. This must not be 
allowed to mean token representation—an “honorary” 
vice-presidency, for example—but a functional position, 
an actual voice in policy and planning. 


Dr. Charles Glenn King 
. + « urges that research be 
represented at top level in 
food companies. 


THE TECHNICAL MAN IN THE FOOD INDUSTRY 

We come now to the technical man. We have 
examined the attitudes of his management. Now we 
shall examine the place of the man himself. The data 
on the technical man are taken from surveys which have 
a much broader scope than we would like. But we 
shall offer the responses—-fully aware of the details 
that are smoothed out or are absent—as valid indicators. 


Table 8, the median monthly salaries by fields of 
specialization, is from the recent ACS survey (4) 
The study shows that the median is $606/month for 
chemists in the food industry. This median salary com- 
pares with $705/month for chemists in the fibre indus- 
try, the highest ; and with $480/month for those work- 
ing in the field of general chemistry, or basic science. 
The food industry ranked 18th in the order of monthly 
salaries. Basic science ranked 34th. Sewage and public 
health ranked 33rd. 

Table 9, also from the ACS survey (4), reveals the 
effect of seniority. In the food industry the median 


TABLE 9° 


1955 median monthly salaries for selected fields of specialization 
by years since entering profession and fields of employment 








é thks Years since entering profess 
Field of specialization 





Foods and kindred products, 
Chemistry ; ; 

Organic chemistry (basic science) 
Chemistry = a 

Petroleum, natural gas, and their 
products, Chemistry_....... 





* Chemical and Engineering News. “The 1955 Professional and Eco 
nomic Survey of the Membership of the American Chemica! Society.’ 
Page 1768. Table XIX. 


salary for those one year in the field was $407/month, 
increased to $458/month for those in the field 5.5 years, 
and rose to $682/month for those in the field 19.5 years. 
Then, there is a surprising drop for those in the field 
39 years—$650/month. Note that this drop occurs in 
the other fields, too, organic chemistry, for instance ; 
this is undoubtedly due to a certain inertia in regard to 
men already in the field as compared to the dynamic 
interest in new graduates—as the meteoric rise in be- 
ginning salaries will attest. Time will undoubtedly iron 
this out, though at the moment it is quite uncomfortable 


(Continued on page 32) 


TABLE 8° 
1955 median monthly salaries by fields of specialization 


(Without regard to years since entering profession) 





Monthly salaries 


Ranking order of monthly salaries 





Field of specialization 


Fibers, synthetic $705 
Foods and kindred products 606 
General chemistry (basic science) ; 480 
Organic chemical technology iscaandion etilinin 699 
Public health, including water, sewerage, and sanitation 522 


Chemistry 


Chemical 
engineering 


Chemical 
engineering fields 


| Aa cher Chemistry 


! 
| 

I $717 $835 1 | 8 
| 





691 18 12 
477 34 
828 2 
631 33 





> 





* Insufficient number reported to compute this measure. 


1 Chemical and Engineering News. “The 1955 Professional and Economic Survey cf the Membership of the American Chemical Society.” 


Table XVIII. 


TABLE 10° 


Median income of chemists, by age, level of education, and industry, 1951 











a Food and | Paper and 
kindred | allied 
products products 


All age groups 


Machinery 
(except 
electrical) 


Business and 
Petroleum consulting 
refining services 


Professional 
and scientific | 
instruments | 


Electrical 
machinery 


$8,700 | 
Master's Degree 
6,200 


a 2 


All age groups 


Bachelor's Degree 
All age groups 4,800 | 








t “Manpower Resources in Chesnistry and Chemical Engineering.” Pages 86 and 87. Table A-27. 
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Taking the Guesswork out of Commercial Processing 


The “Sterilmatic’* in-can 
method of processing gives canners everything 
they need to maintain highest uniformity and 
quality standards with dependable regularity. 

It literally takes the guesswork out of steriliz- 
ing and quality control. Now canners control time 
periods and temperatures to predetermined meas- 
urements of unbelievable accuracy. Instruments 
and controlling devices allow any selective degree 
of temperature to be maintained with utmost de- 


pendability. The continuous flow of canned foods 
is fast, smooth and gentle. Efficiency is unmatched. 
Product texture, taste, color and nutrients are 
preserved as with no other cooking method. 

See how the FMC “Sterilmatic” Continuous 
Pressure Cooker and Cooler can fit into your 
present operations. Just call your nearest FMC 
representative, or write for full information. 
There’s no obligation. 

*Trade Mark —Reg. U.S, Pat. Off. 


FOOD MACHINERY 
AND CHEMICAL CORPORATION 


Canning Machinery Division 


General Sales Offices: 


WESTERN: SAN JOSE, CALIF. + EASTERN: HOOPESTON, ILL. 





FOOD TECHNOLOGY, JANUARY, 1957 


(Continued from page 30) TABLE 12° 
not only for the long-timers but also for the employing ‘ore pre eg yn ag ong ead seme, smug 


companies. In the latter instance, loss of a long-timer and fields of employment 

to another industry or loss of morale in those who stay - ee ees 

on can be a pre blem. rae Giictinil cues professior 
Table 10 one of the most interesting in the group, 

is from the Manpower Resources study (2). Here we Administration, technical chemistry 

—_ Sona : Analysis and testing chemistry...... 
learn the effect upon income of higher degrees and Pootestion chemise 
industry chosen. In the food industry the median in- Research in basic science chemistry ...... 
come for chemists is $8,700/year for the Ph.D. level, Teaching, college or university chemistry... 

. P ~~ 7 1 Chemical and Engineering News. “The 1955 Professional a: 
$5,800 for the Master’s lev el, and $4,800 for the Bache nomic Survey of the Membership of the American Chemica! Society.” 
lor’s level. For the sale of quick comparison, the lows Page 1765. Table XVI. 
and highs have been extracted from the mass of data. 
The top figure is $9,600 for the Ph.D. working in the 
consulting field; the low figure is for the holder of a 
bachelor’s degree, working in the machinery industry. 
T ighs and lows are also given. : . 

Che other highs and s are also g e What is happening? 
The manpower study (2) also gives figures for chemi- ; “es 
On the basis of this picture, what is happening to 


cal engineers. Table 11 establishes the fact that the ; wnat 
the technical man in the food field? Certainly he is 


TABLE 11° more difficult to procure. There is no relief in prose 
Median income figures for chemical engineers lyting those in other fields, and the task of influencing 
between the ages of 30 and 35 y young people to go into our field becomes no easier. 


Industry x Metin faseme The ACS Survey (4) tells us unmistakably that we 
£ are a minus field. When the survey was made in 1941, 














production for technical men. Teaching and routine 
analysis are needed, but they are skills with less finan 
cial reward. 





Food and kindred products : alitaia ioe $5,300 
Paper and allied products : : | 5,300 
Petroleum refining 6,000 
Engineering and consulting services 6,900 





* “Manpower Resources in C Chemistry and Chemical Engineering. 
$1 


Page 


median income for chemical engineers in the food in- 
dustry, ages 30 to 35, is $5,300. The same median 
salary is paid by the paper industry, but $6,000 is the 
figure in petroleum refining, and $6,900 is the median 
in engineering and consulting services. These data were 
collected in 1951, and the medians are presumably 
higher now. 

Table 12, again from the ACS Survey (4), points the 
path that should have been taken for those interested 
in higher income skills. Those in the field of chemistry IFT Section meeting . . . interest in food science and tech- 

: ‘ , ¢ nology is at a high level. 

for 39 years could have attained median salaries per 
month as administrators of $992. In production the we had 6.0% of the chemists surveyed. The survey of 
median is $900. In basic research it is $650. In Uni- 1955 reveals that we have lost ground. We now have 
versity teaching it is $590. For analysis and routine only 4.6%. Other fields have lost men, too, such as 
testing the median is $517. It should be recognized that organic chemistry, where a drop from 7.7% to 5.0% is 
these figures are for chemists, and that most of them registered. It seems evident, however, that organic 
were in the chemical or petroleum field. Yet, one can- chemists have stayed in the chemical field and have 
not help but suspect that the same general level applies merely shifted to another phase. One gets the feeling 
in the food field. The money lies in administration and (Continued on page 34) 


TABLE 13° 
Fields « of specialization in 1941 and 1955 by fiel fields of employment 








| Cc hemistry ‘i . 
All members Chemical engineering 


Females Males 
In- In- In- In- | In 
crease crease crease crease rease 


or or or or 
De 


or 
De- De- De- De- 
1955 crease 1941 1955 crease | 1941 1955 crease | 194) 1955 crease 1955 crease 
Percent -—s 
Plastics and synthetic a . ! $3.5 | 3.4 +2.5 4.3 
Organic chemistry . - s —2.7 79 —5.2 10.6 
6.1 


Foods and kindred products Vv 0 —14 : $0 —4.1 —1.0 
Agricultural chemistry a —_ ‘ +0.9 ons 10 8 6+1.0 +0.1 


“4¢ “The 1955 Professional and Economic Survey of the Membership of the American Chemical Society ad 
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+4.1 


+ 47 0 
0.2 . —0.1 
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1. 
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7s 1 
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nee oe DOE D) T E RT 


Where research is unlocking the secrets of barley malt 


* FOR INDUSTRIAL USE 
* FOR ANIMAL FEED 


** | FOR FOOD 


“FOR BEVERAGES 


Scientific control of malt- 
ing helps food processors 
capitalize on natural fla- 
voring and coloring — 
With consumers becoming 
more and more conscious of 
food hati iiaatiae: many processors have dis- 
covered they can make their products more saleable by 
using Fro-Malt, a natural and healthful food in itself, 
for flavoring and coloring. And they’ve discovered that 
Froedtert’s recently expanded research and production 
facilities offer superior service with malt to meet their 
exact analyses and specifications. In fact, Froedtert 
invites food technologists to avail themselves of these 
facilities in cooperative programs to develop types of 
Fro-Malt custom-formulated to specific requirements. 


Highlighting Fro-Malt as 

a coloring agent — Froed- 

tert offers “second to none” 

facilities for supplying food 

processors with barley malt 

:; to meet any coloring re- 

quirement within the Lovibond range. Thus, with Fro- 
Malt, food processors have an opportunity to take ad- 
vantage of the benefits of a “natural” coloring agent 
and at the same time build-in added nutrient value. 


Fro-Malt is available in many forms — for flavoring . . 


Wide range of Fro-Malt applications as a flavoring 
agent — Available as a flour (in varying degrees of 
fineness) or in pulverized, crushed or whole grain form 
— Fro-Malt can be produced with qualities covering 
a broad flavoring range. Generally speaking, Fro-Malt 
with strong flavor characteristics is darker in color than 
blander varieties of Fro-Malt. However, strongly fla- 
vored malts can perform their function in quantities so 
small that there is little effect on final product color. 

While there is no generally accepted yardstick of 
rating flavor strength, Froedtert has the experience and 
facilities to work with food technologists to produce 
pilot quantities of Fro-Malt . . . comparing its relation 
to final characteristics desired . . . and then producing 
it in quantity that perfectly matches the characteristics 
of the pilot batch 


Froedtert has extensive 

facilities to handle pure 

research in malt applica- 

tions — Nerve center of 

Froedtert’s research effort 

sa > is located in the pilot malt- 

ing laboratory. Here — through use of advanced types 

of electronic and pneumatic controls and equipment — 

the research staff can maintain precise temperatures, 

exact moisture content and instantaneous control of all 

functions relating to the process of malting. This finite 

control, plus ability to duplicate exact sets of variables, 

allows Froedtert to reach previously impossible high 
levels of accuracy, uniformity and reliability. 


. coloring 


-.-to promote enzymatic action or add food value...and in some 
cases for use as a preservative. Contact Froedtert now to see 
how malt may be able to improve your formulation or processing. 


FROEDTERT ier Arporation 


Milwaukee 1, 


Wisconsin 
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that in the food field, the “drops” have been out of the 
field entirely. This feeling gains support from several 
sources. A large trade magazine in the food field regu- 
larly surveys its subscription drops in an effort to find 
out why. It has magazines in several other fields. The 
response—“left the field” —is by far the most common 
from those dropping the ‘ood magazine. Further, a 
study of IFT membership arops hy our Executive 
Secretary has shown that about 10% of our member- 
ship drops out each year. Fortunately, we have a young 
and vigorous organization; not only do we cancel out 
the drops, but new members permit us to grow at a 
rate of 7 to 10% a year. Interest in food science and 
technology stays at a high level. Other association drop 
figures are not available, but it would be interesting to 
compare ours with those of organizations which, like 
the Institute, are single-industry oriented. 


CONCLUDING COMMENT 

In closing, here are some highly applicable remarks : 
“Modern conditions demand the utmost efficiency in 
order to meet competition and to enable a manufacturer 
to discharge his responsibilities in the fullest sense to 
the consumer. This can only be achieved by adopting a 
management structure which makes the fullest use of 
the scientist in assisting in both the control and develop- 
ment product, and this demands some change of attitude 
not only by production management but also by the 
scientists themselves.” 

“By no means all firms in the food industry fully 
appreciate the value as yet of technology and the im- 
portance of the scientist. 

“The stress of modern competition on the one hand, 
and the prevailing shortage of labor and the rapid 
strides made in new techniques, on the other, should 
alter this attitude fairly rapidly.” 

The foregoing excerpts are from an address given by 
a prominent British industrialist, Mr. M. C. Carr, be- 
fore the Society of the Chemical Industry. They indi- 


cate that attitudes and problems have much the same 

ring the world over. When the facts are in, the true 

dimensions of our problems will be known. Results of 

the Institute survey will not solve these problems but 

they should help to chart a course of action 
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OPEN HOUSE AT RUTGERS 
The Department of Food Technology, Rutgers Uni 

versity, held Open House, Friday, November 23, 1956, 
for senior high school science students in New Jersey 
Forty-two students and seven science teachers took a 
day out of their Thanksgiving period to attend. Eleven 
food companies cooperated by financing the expenses of 
students from the high schools located in their respec 
tive vicinities. The New Jersey companies (or affili 
ates) participating were: 

American Cyanamid—Princeton 

E. F, Drew and Co.—Boonton 

Food Fair Stores, Inc.—Linden 

Fiddler’s Creek Farm—Pennington 

Hilder’s Finer Food—Flemington 

Kent’s Restaurant—Atlantic City 

Merck and Company— Rahway 

Monmouth Cold Storage Co.— Neptune 

Preservaline Manufacturing Co.—Flemingto: 

Seabrook Farms—Seabrook 

R. S. Watson & Son—Greenwich. 


PITTSBURGH, 17TH ANNUAL MEETING SITE, A DIVERSIFIED RESEARCH CENTER 


Misunces BsoUND for the 17th annual meeting of 
IFT in ’57 (May 12-16) have a surprise in store for 
them. Those who read the “profile” of Pittsburgh in the 
November issue have already learned that the city is 
no longer a smoky coal and steel milltown. Aside from 
undergoing a physical renaissance, Pittsburgh has be- 
come an important, expanding, diversified research cen- 
ter. The spectrum of research activities stretches from 
metallurgy to medicine, gasoline to glass, steel to starch, 
fuel to food technology. 

Fifty Major Centers. In the universal race to make 
people and products better, the Pittsburgh area has 
achieved worldwide prominence—first, as a focus for 
industrial research, a natural consequence of the concen- 

(Continued on page 36) 
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Artist’s Model—New Schools of the Health Professions 





Because oes 





the best products you can make depend on 
the best ingredients you can buy... 


VITAMINS 


Essential vitamins by STERWIN 
U.S.P. ... in bulk and specially 
prepared carriers . . . quick de- 
livery ...any quantity, any time. 
Quality control under constant 
direction of experienced’ special- 
ists assures potency, purity, de- 
pendability of each individual 


Parakeet” 
CERTIFIED F.D.& C. COLORS 


A complete line of pure colors. 
Leaders in basic color field for 
more than 25 years. PARAKEET 
COLORS add eye and sales appeal 
to many famous food and drug 
products. Carefully controlled 
manufacture, rigid laboratory 
testing guarantee top quality col- 
ors. Any shade or color combina- 
tion desired can be produced. 


For Further Information 
on Sterwin Products Write: 


| Reewie Chemiiath. 


Subsidiary of Sterling Drug Inc. 


ZIMCO U.S. P. VANILLIN 


Made by world’s largest producer 
of Vanillin. Exquisite flavor and 
delectable aroma. Pure... only 
U.S.P. pure crystals, giving true, 
vanilla-like flavor. Soluble... 
dissolves quicker due to uniform 
crystalline structure. Uniform... 
flavor never varies—use Z1MCO as 
a standard in determining your 
formula. Availability... unlimited 
supply of basic material—ample 
plant capacity. 


y 


1450 BROADWAY, NEW YORK 18, N.Y. 


= ———— i 
> ——— — 





LAYOUT, EQUIPMENT and DETERGENTS 


FOR AUTOMATION CLEANING 


Spray Balls 
FOR STORAGE TANKS 


Custom-engineered by Klenzade to 
meet the sanitary needs of each par- 
ticular installation. Another Klenzade 
“first” — pioneered and developed by 
Klenzade field and technical staffs. 


Spray Arms 


FOR EVAPORATORS 
First in the field with job-engi- 
neered spray arms for automa- 
tion pan and evaporator clean- 
ing. Areal contribution to higher 
sanitation standards and lower 
costs. 


Rotor-Jet 
FOR BULK PICK-UP TANKS 
Complete automatic program timing. 
Only minutes required for a thorough 


cleaning. Technique originated by 
Klenzade. 


Re-Circulating Unit 


FOR HIGH TEMP EQUIPMENT AND 
CIP CLEANING OPERATIONS 


KLENZADE PRODUCTS. Inc. 
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tration of the so-called heavy industries in the area, and 
second, as an up and coming medical and education cen- 
ter. Today, some 6000 scien- 
tists and technicians in 50 
major local centers depend 
on research work for their 
livelihood. About 35 mil- 
lion dollars worth of new 
research buildings are now 
being added by industry 
alone. This is in addition to 
the expansion taking place 
at the universities and Medi- 
cal Center — where seldom- 
equalled civic-minded phi- 
lanthropy has flourished. In 
the last.few years nearly 50 
million dollars in new struc- 
tures have been directed to patient care, research and 
education. It is here that painstaking investigative effort 
has recently given the world the Salk polio vaccine. 

Mellon Institute. It all started with the founding 
of the Mellon Institute of Industrial Research in 1913 
Today, the Ionic columns of this landmark house fellow- 
ship research for over 80 major sponsor companies as 
well as government agencies and foundations. Pivoted 
about the Institute, in a ring of 30 miles, are the research 
centers of industry. Here also are the U. S. government 
laboratories of the Bureau of Mines. 

Big steel has its research laboratories here, and the 
field of investigation is by no means limited to ore 
utilization and steelmaking. Basic high temperature 
work, essential in the missile program, and coal- 
chemical research is being carried out side by side with 
investigations into new methods of tinplating for cans 
In producing steel today alloying elements that impart 
special qualities are required and an immense amount 
of research has gone into the development of stainless 
steel, heat resistant steel, steel with improved magnetic 
properties and the wide range of versatile steels re- 
quired by a whole new era of science and technology 
an era that has witnessed the most dramatic industrial 
expansion of all time. Research and technology in the 
coal industry is equally progressive. The U. S. Bureau 
of Mines has over fifty projects under way, a 60 million 
dollar research program including such experimentation 

(Continued on page 38) 


re, 


Dr. Jonas E. Salk, Director, 
Virus Research Laboratory, 
Pitt Health Center. 





If It Hadn’t PROVEN ITSELF... 


We Wouldn't Be Shouting 
About This Wonderful 


It’s well and good for a firm to believe its new 
product will accomplish the desired results. But 
the actual proving is done by customers. 

Our customers are sending in repeat orders for 
Vanilla Laboratories Special Cake Mix Flavor. 

This new, complete flavor is made exclusively by 
our specialists. By variations of the basic flavor 
(Pure Vanilla and other flavoring ingredients), 
we can furnish each Cake Mix its own distinctive 
flavor—tailor-made yet budget-priced. 


We would be glad to tell you all about it. 


Originated 

by Specialists 
Working Within 
a Specialized Firm 


SPECIAL PRODUCTS DIVISION 


ANILLA LABORATORIES, 


ROCHESTER, N.Y. 


SPECIAL FLAVORS FOR PREPARED CAKE MIXES, PREPARED ICINGS AND PUDDINGS 
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as gasifying coal in its underground site and the de- 
velopment of synthetic fuels through hydrogenation. 

Gulf Oil Company’s nearby petroleum research center 
is considered the most highly integrated and complete 
unit of its kind in the world. 
It combines geophysical and 
geological research with 
petro-chemistry and basic 
physics, in an almost cam- 
pus-like setting. 

Sixty acres surround the 
research and development 
headquarters of the Alumi- 
num Company of America, 
where about 500 men and 
women are engaged in 
every conceivable phase of 
investigation—new ways of producing the metal, new 
uses, improvements in refining and reduction, etc. 
Westinghouse Electric expects to dedicate its mammoth 
research headquarters here soon, and already many of 
the 500-man staff are there at work. 

Food Research. In the field of food research and 
technology, the H. J. Heinz Company is building a 
new 5 million dollar model research center which is 
scheduled for completion in the fall of 1957. The finished 
laboratories and pilot shops will make this one of the 
most advanced units of its kind, with facilities for both 


Soap Bubble “Atoms” Show 
Basic Structure of Matter 


basic research and applied product and process work. 


. « « in the public interest 


Engineers and other professional employees are 
earning about 8.6% more than last year, according 
to a survey just distributed to its subscribers by the 
Executive Compensation Service of American Man- 
agement Assn., 1515 Broadway, New York 36, N. Y. 
The 8.6% over-all average increase in annual com- 
pensation compares with an increase of about 4.5% 
for the previous year. The percentage rise in engi- 
neers’ salaries is higher than that shown for any other 
executive and specialized groups whose pay the Exec- 
utive Compensation Service studies. These groups in- 
clude administrative and technical personnel, top 
management, middle management, and sales per- 
sonnel. Highest salaries reported are being paid to 
certain non-management specialists in research and 
exploration with some administrative duties. In a 
few cases, these individuals are earning as much as 
$19,000 a year. Physicists and mathematicians with 
similar administrative duties average up to $15,000 
a year. In the top range of the technical and profes- 
sional group, the pay levels tend to overlap with those 
of middle management. However, the engineers and 
scientists are much less likely to receive bonuses than 
are the members of middle management. 
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Westinghouse’s New Research Laboratories 


Government-sponsored food research is conducted in 
another famous Pennsylvania city, Philadelphia, where 
the Eastern Regional Research Laboratory, U. S. De 
partment of Agriculture, is located. 

The list is longer ; it covers glass, chemicals, plastics, 
paint, and nucleonics. It becomes apparent that re- 
search, once the stepchild of production, is gradually 
assuming a place nearer the head of the table. And no- 
where has this been better demonstrated than in Pitts- 
burgh, Pennsylvania—Research Center of America 


Findings reported recently by the Hygienic Guides 
Committee of the American Industrial Hygiene Asso 
ciation indicate the remarkable safety and use of an 
all-but-unknown solvent material——-methy! chloroform. 
The solvent, commercially available only recently, 
looms as a substitute for the dangerous carbon tetra 
chloride. Although almost identical in physical and 
cleaning properties, it has been shown to be much less 
likely to injure the user in almost every application 
where hand cleaning at room temperature is done. Gen- 
eral ventilation is considered sufficient for brief expos- 
ures or those resulting from very small quantities of 
the solvent. With prolonged exposures or with ele- 
vated temperature operations, process ventilation is re- 
quired. Recommended maximum atmospheric con- 
centration (8 hours) for methyl chloroform is 500 
parts of vapor per million parts of air, by volume, 
while that for carbon tetrachloride is 25 ppm. Con- 
cise control standards for human exposure to ethy! 
alcohol, hydrogen fluoride, mercury, trichloroethylene, 
and 1,1,1,-trichloroethane (methyl chloroform) are 
given in the recent issue of the Association’s ‘‘ Hy- 
gienic Guide Series.’’ Hygienic Guide sheets on each 
substance may be obtained from the Association, 
14125 Provost, Detroit 27, Mich., at 25c each, prepaid. 





Food 
Industry's 
finest 
flavor 


Atlas Fruit Flavors are available 
in various strengths and 
concentrations. They are also 
available expertly blended with 
synthetics to insure lasting 

taste and aroma. Let us suggest 
the Atlas flavor best suited 


to your requirements 


RS OF CERTIFIED COLORS 


E COMPAR Y 
HED 1851 ie 
“CHICAGO 11 * 2632 E. 54 ST.. HUNTINGTON 


(OF THE U.S.A. AND THROUGHOUT THE WORLD 
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A 20% discount is allowed on orders of 5 or more 
Guides; 40% on orders of 100 or more. 


7 + 
A Cinderella industry now on the threshold of its 
second deeade is the aerosol, which, for 1956, is ex- 
pected to add up to a third of a billion cans and some 
$350 million in sales. New aerosol markets for drugs, 
pharmaceuticals, cosmeties, and allied products are 
being investigated. In foods alone, according to 
W. E. Graham, research manager of Crown Cork & 
Seal Company's Can Division, Philadelphia, who also 
is chairman of the research committee of the Can 
Manufacturers Institute, experiments are under way 
to determine whether there is a future for aerosols in 
such products as catsup, sandwich spreads, cooking 
oil, mayonnaise, sauces, and peanut butter. He foresees 
the time when the hostess will be able to go to her 
handy aerosol food-shelf and ‘‘spray’’ an entire tray 
of hors d’oeuvres and canapes minutes before her 
guests arrive 
~~ »- 
Southern Research Institute, Birmingham 5, Ala., 


has begun research on two new projects in food pack- 
aging for the Quartermaster Food and Container 
Institute for the Armed Forces, Chicago. These proj- 
ects deal with use of plastic packages to contain food 
for sterilization or pasteurization by irradiation with 
gamma rays. Broad objectives of the project are to 
study the effects of radiation, in the presence of foods, 
on the protective properties of the packaging material. 
and to study the effect of the packaging materials 01 
the foods being irradiated. SRI is continuing a study 
for the F&CI on the chemistry of flavor changes tak- 
ing place in meat as the result of irradiation sterili- 


zation. 


. + « things new under the sun 


The first commercial fermentation production of 
lysine, one of the 8 amino acids considered essential to 
human nutrition, has been anneunced by Chas. Pfizer 
& Co., Ine., 630 Flushing Ave., Brooklyn 6, N. Y. The 
development, representing a significant breakthrough 
in biochemical engineering, was made possible by the 
fermentation techniques with which Pfizer also man- 
ufactures vitamins, antibiotics, hormones, and other 
chemicals. These techniques provide a high purity 
product free of D-lysine—a form of the important 
nutrient which cannot be used by the body. Pfizer’s 
Chemical Sales Division will market the essential 
amino acid in the form of L-Lysine Monohydro- 
chloride. The pure white, erystalline, 80-mesh pow- 
der, with a guaranteed potency of not less than 98%, 
will be priced from $12 per pound in 50-pound lots, 
to $14 per pound in one-pound lots. 

7 + 

A new form of vitamin E offering many advantages 
to pharmaceutical manufacturers and food proces- 
sors is offered by the Vitamin Division of Hoffmann- 
LaRoche Ine., Nutley, N. J. Available ‘‘by the tons’’ 
as are other Roche vitamins, the dry vitamin E acetate 
powder 25% contains 250 International Units of vita- 
min E per gram. All components of the granule are 
easily digested so that the vitamin E biological ac- 
tivity is fully available. The powder does not melt or 
liquefy at processing temperatures or when mixed 


4 


with other vitamins, disperses in milk, fruit juices, 

and water, and maintains its potency, even when the 

solutions are kept for several days in household re 

frigerators. Price per International Unit is equivalent 

to oil types. | 
os = 

The internationally known, low-cost Goldberg Com 

bination Hand and Dipping Refractometer—designed 

for the precise, rapid, and easy 

determination of the total sol- 

uble solids in juices, jams, jel- 

lies, syrups solutions, and other 

food products—is offered by 

the Instrument Division of 

American Optical Co., Buffalo 

15, N. Y. A unique optical sys- 

tem transmits a sharp division 

line from light to dark onto a 

large 0.5% graduated scale 

contained in the focusable eyepiece. Meta! parts are 

corrosion-resistant, easy to clean, and protect optics 

from damage. The water-tight prism assembly pe 

mits immersion into solutions for dipping method 

and prevents seepage into the internal system. A 

thermometer, ranging from 10° to 40° C., recesse 

the prism mounting, increases accuracy by measuriig 

actual temperature of sample and instrument rather 

than surrounding air. Two models are available in 

Brix ranges 0 to 47% or 45 to 75% soluble solids 
-_s = 

All Torit ‘‘Series 80’’ cabinet cloth-filter dust 

collectors have been redesigned to permit over 2% 

times more dust storage capacity, according 
nouncement by Torit Mfg. Co.., 
287 Walnut St., St. Paul 2 
Minn. Three models—s1, 8°, 
and 84—are affected by the 
change, which will jump the 
capacity of each collector from 
% cu. ft. to 2 eu ft. Each of 
the units has 150 sq. ft. of cloth 
filtering area, with filters made 
from fine-woven cotton, chemi 
eally treated for spark resis 
tance, and each cabinet meas 
ures 4914” by 2814” by 28”. In 
ternally mounted motors and 

fans move from 580 to 1100 efm of air through the 

filters at speeds of 5,000 to 8,000 fpm. Prices of the 

units range, as before the redesign, from $398 to $448 


f.o.b. factory. 
a 


. 

A new brand of sodium isoascorbate is being offered 
to the meat packing industry as a curing aid and anti 
oxidant by Wallerstein Co., Inc., 180 Madison Ave., 
New York, N. Y., under the trade name of CURONA 
A dry powder, stable at room temperature, soluble in 
water, colorless in solution, and neutral in taste, CU 
RONA reportedly can economically replace sodium 
ascorbate or ascorbic acid to improve and speed up 
curing action to protect the color and quality of meat 
and meat products. Its use is recommended to shorten 
curing time, improve color, and cut down shrinkage 
of cured meats, and protect color, flavor, and quality 
of packaged meats. It is recommended particularly 
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in the treatment of sausage meats, frankfurters, ham, 
bacon, and luncheon meats. 


7 + 
The EVERPURE water purifier, Model T-9, a pre- 
eoat type filter rather than a backwash granular bed 
type, when operated on Chicago municipal water, has 
a capacity on intermittent flow of approximately 
10,000 gallons down to a flow rate of % gpm. To 
handle greater requirements, two or more Model T-9's 
may be placed in parallel. Two such units in parallel 
would double the initial flow rate of 5 gpm, double 
the filter area, and would deliver approximately 4 
times the capacity, i.e., 40,000 gallons. The Model 
T-9 is 1644” high and 914” in diameter. Write Tested 
Appliance Co., Ine., 2627 W. 19th St., Chieago 8, II. 
7 + 


wat 


Co., Cambridge, Mass., has announced successful com- 
pletion of tests of its new multiple-stage flash distilling plant. The 
unit, designed to produce distilled water of very high purity from nor- 
mal sea water, has been run for more than a month at International 
Nickel Company's test station at Kure Beach, N. C. At the end of the 
test period, the 4-stage unit was running well over capacity of 1,900 
gallons of distillate per hour, while still producing water with less than 
14-g¢rain per gallon total solids. The Badger unit successfully overcomes 
traditional difficulties such as the tendency to entrain sea water which 
results in product contamination. Its design also permits scale-free, 
trouble-free, completely automatic operation. 
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A new 5-micron (0.0002”) filter cartridge made of 
white cellulose, bonded with a totally inert resin, is 
available from Cuno Engineering Corp., Meriden, 
Conn. The new ‘‘White MICRO-KLEAN”’ cartridge 
is recommended for filtration problems where fluid 
polishing to extreme clarity is required with no con- 
tamination of fluid or impairment of taste. The new 
eartridge, which fits most standard filter housings, 
handles highly alkaline fluids without contamination 
of the fluid or deterioration of the filter cartridge. 
‘*Graded density’’ construction traps out large par- 
ticles early in the flow path, preventing plugging of 
the finer filter barriers that follow. 

7s 

Heliogen® Sanitizer, a near-white powder which 
dissolves instantly in hard or soft water, forming a 
erystal-clear solution containing diatomic iodine, a 
non-toxic and powerful sanitizer, is announced by 
S. B. Penick & Co., 50 Church St., New York 8, N. Y. 
Fully effective in either acid or alkaline solutions and 
active at prevailing temperatures, summer or winter, 
the product is non-corrosive, nonirritating to the 
skin, and leaves no odor, taste, or film. It is equally 
effective against bacteria, viruses, and fungi, destroy- 
ing these microorganisms within 15 seconds. Samples 
and further information are available. 


. » « the literary corner 

The latest article in the series ‘‘The Changing 
World of Food,’’ appearing in D&O News, published 
by Dodge & Olcott, Inc., 180 Varick St., New York 14, 
N. Y., relates the story of the amazing Chlorella under 
the subtitle, ‘‘The Universally Well-Fed Future.’’ 
The item is earried in the November 1956 issue. 

ss = 
An 8-page pamphlet on an antioxidant for a wide 


variety of chemicals, fats and oils, drying oils, ete., 
and also containing information on the mechanism of 
oxidation is available from Catalin Corporation of 
America, 1 Park Ave., New York 16, N. Y. 
7 = 
New Ace Riviclor chemical-resistant plastie pipe, 
fittings, and valves are described in 8-page bulletin 
CE-56, available free from American Hard Rubber 
Co., 93 Worth St., New York 13, N. Y. 
ses + 
Catalog 88, a new 100-page catalog of equipment 


and supplies for the meat industry, published by 
Koch Supplies, 2520 Holmes, Kansas City 8, Mo., con- 
tains more than 2200 items, with complete specifica- 
tions, shipping weights, and prices 
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A new booklet issued by Merek & Co., Ine., entitled 
‘‘Why the 40-Plus Patient Needs More Vitamins,’’ 
stresses the protection vitamins give the 40-and-over 
individual, particularly with reference to the cireu- 
latory, nervous, digestive. hemopoietic, skeletal, and 
endocrine systems. There are also selected abstracts 
from articles by nutritional and medical authorities, 
and a bibliography of 142 references. Interested nu- 
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SIX DECADES 
OF SERVICE TO ‘. 
FOOD TECHNOLOGISTS . 


. 
60 years of specialized experience in the ae 
manufacture of powdered vanilla products . 





David Michael has long since mastered the 
special skills and techniques to create new 
and highly individual flavorings to fill any 
specific need, and have been the acknowl- 
eged leader in the vanilla field for 60 years. 

Let us develop a custom-made flavor for 
your product in our laboratories and testing 
kitchen. Research is our keynote—let it work 
to your advantage! 


DAVID MICHAEL & CO., INC. 

3743-63 D Street - Philadelphia 24, Pa. 

Suite 2204 + 203 N. Wabash Ave., Chicago 1, ill. 
CANADA 


DAVID MICHAEL 4 CO., LTD. 
801 St. Clarens Ave., Toronto 
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tritionists of vitamin-fortified food manufacturers can 
obtain a copy by writing to ‘‘40-Plus’’ Dept., Chemi- 
eal Division, Merck & Co., Ine., Rahway, N. J. 


7 + 
A review of current methods employed in code 
marking cans is contained in a new 8-page bulletin 
published by Triple-E Engineering Co., Racine, Wis. 
Featured is a detailed description of the new Data- 
line coding method, by which variably spaced 
scratches provide essential quality control information. 
7 + 
New 2-page bulletin SCB 10-56, describing the new 
Seidel Calculating Board for evaluating photometric 
data from spectrographie films and plates, is offered 
by Jarrell-Ash Co., 26 Farwell St., Newtonville 60, 
Mass. 
7 + 
Bulletin No. 492, provinding ‘‘A Few Facts About 
Humidifieation for Industry,’’ and deseribing a com- 
plete line of industrial humidifiers, is available from 
Abbeon Supply Co., 179-15A Jamaica Ave., Jamaica 


32, N. Y. 
7 + 

Formulas for 34 different fruit pie fillings are in- 
cluded in a booklet offered by Corn Products Sales 
Co., 17 Battery Pl, New York 4, N. Y. The 52-page 
booklet, ‘‘Snow Flake Milo Stareh for Fruit Pie Fill- 
ings,’’ is designed to assist large commercial and 
neighborhood bakers in use of the firm’s two new 
Snow Flake milo starches, which reportedly possess 
unique gel characteristics. 


. . ll > hee . 
‘*Symbolie Logie, Binary Caleulation, and 3C- 
PACs,”’ a 16-page booklet described as a primer on 


cahem “Colloids Out of the Sea’ 


unique... 


both in their reactivity with 
proteins and their ability to 
work well “in combination” 
with other colloidal materials 


"Over 20 distinct types of 


the subject of digital computation, is available free 
from Computer Control Co., Inc., 92 Broad St., 
Wellesley 57, Mass. 
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Detailed description, operation, and service of push 
type semi-automatic lubricators are included in a 2 
page, 2-color service instruction sheet offered by Bi 
jur Lubricating Corp., Rochelle Park, N. J. Two 
models of Bijur’s ‘‘one-shot’’ lubricators, widely used 
on machines requiring closely controlled but infre 
quent oil feed, are described. Model HIA has a one 
pint capacity reservoir; Model JIA a two-pint capa 
city reservoir. Both units are actuated by a spring 
discharge piston pump that feeds oil into a distribu 
tion system to lubrication points. 


— > > . . 
A booklet, ‘‘The Scientific Nibble,’’ is available 
from Sugar Information, Inc., New York 5, N. Y 


- « meeting hail and conference room 


Midwest Preservers Assn., at its first annua! meet 
ing October 24 in the Lake Shore Club, Chicago, 
elected the following officers: President, Francis J 
Oelerich, Oelerich & Berry Co., Chicago; Vice Presi 
dent, Richard D. Fellows, Squire Dingee Co., Chicago ; 
Secretary, Gordon Perry, Holsum Products, Milwau 
kee; Treasurer, Geo. Levison, Orchard Products Co.., 
Chieago. Midwest Preservers Assn., a regional associ 
ate of National Preservers Association with head 
quarters in Washington, D. C., is one of six groups 
now functioning. Others are located in New York, 


Boston, Atlanta, Los Angeles, and San Francisco 
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More than 500 members of the Nationa! Pickle 
Packers Association met in Chicago’s Edgewater 
Beach Hotel for the group’s second annua! Pickle 
Fair on October 17-19. In addition to a schedule of 
sales, field, and production seminars, NPPA mem- 
bers observed the latest developments in the largest 
exhibition of pickle-making and pickle-packing equip 
ment ever gathered together under one roof. The first 
NPPA ‘‘Hall of Fame’’ award, an engraved silver 
platter, was presented to Dr. J. L. Etchells, USDA 
Laboratory, Raleigh, N. C., in recognition of his out- 
standing contribution to the advancement of the pickle 
industry. The Association’s next annual meeting is 
scheduled for April 18-19, 1957, at the Drake Hotel, 
Chicago. 

7 + 

At the October 23-26 annual meeting of the Associ 
ation of Food Industry Sanitarians, held in Monterey, 
Calif., the technical sessions were featured by five 
panel discussions. There were: ‘‘College Curriculum 
for Food Industry Sanitarians,’’ ‘‘ Maintenance and 
Repair of Surfaces and Surface Coatings,’’ ‘‘ Sanitary 
Design of Food Processing Equipment,’’ ‘‘ Advances 
in Sanitation as Related to Food Processing Indus 
tries’’ and ‘‘Food Plant Waste Disposal.’’ Re-elected 
for a second year were the following officers: Presi 
dent, Preseott R. Lloyd, C&H Suyar Refining Corp., 
San Francisco; Vice President, Clayton L. Baldwin, 
Jr., Exchange Lemon Products, Corona, Calif.; Exec 
utive Secretary-Treasurer, Paul E. Laughlin, Dried 
Fruit Assn., San Francisco. 
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. » » building up and branching out 


A unique feature in the expansion and modernization of Ungerer & 
Co., Inc., New York City, is the mezzanine floor added to the firm’s 
New York branch warehouse, providing new space for packaging and 
shipping facilities. The firm’s sales and executive offices are located in 
the same building. 
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Magnus, Mabee & Reynard, Inc., 16 Desbrosses St., 
New York 13, N. Y., announce appointment of Har- 
old Davis & Co., 824 Notre Dame St.W., Montreal 3, 
Quebec, as Canadian agents for the sale of MM&R 


products to the confectionery industry exclusively. 
7 + 


David P. Reynolds (right), vice president in charge of sales, Rey- 
nolds Metals Co., Lowisville, Ky., presents “The President’s Award,” 
top honor of the National Flexible Packaging Competition, to Donald 
B. Lourie (center). president, The Quaker Oats Co., Chicago, and 
Raymond Loewy, president, Raymond Loewy, Inc., New York City. 
The Aunt Jemima Corn Bread Mix package of Quaker Oats Company— 
designed by Raymond Loewy, Inc., and produced by Reynolds Metals 
Co., Packaging Division—won on its high rating in design, mechandis- 
ing impact, and functional performance. 
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Angeles Air Pollution Control District in regard to 
installing devices that dispose of unused gases without 


polluting the air. 
ov + 
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Chas. Pfizer & Co., Inc., 630 Flushing Ave., Brooklyn 6, N. Y., has 
announced two new openings. Its new manufacturing plant at Arnprior, 
Ontario, will package such drugs as Terramycin and the new antibiotic 
combination, Sigmamycin, for the Canadian market. Located on an 
80-acre site on the Ottawa River, 40 miles from the Canadian capital, 
it is one of Pfizer’s 17 plants outside the U. S. completed or now under 
construction. The firm’s new Midwestern Distribution Center at 6460 
W. Cortland St., Chicago (shown above), officially opened on October 
24, will serve customers in a 15-state area. The new 2-story modern 
structure contains 79,000 sq. ft. of warehouse space, part of it air- 
conditioned for storage of heat-sensitive chemicals and drugs. Offices 
and a lunch room, all on the second floor, cover an area of 20,000 sq. ft. 
and alse are air-conditioned. The center has 3 freight-car loading 
and 5 truck loading docks. All four of the company’s domestic market- 
ing divisions—Pfizer Laboratories, J. B. Reerig & Co., Chemical Sales, 
and Agricultural Sales—will have their regional headquarters in the 
new center. 
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The Froedtert Malt Corp., 3830 W. Grant St., Mil- 
waukee, Wis., is making available its research facili- 
ties to food technologists, pharmaceutical scientists, 
chemists, and other researchers in industry who feel 
that malt may aid them in making a better product. 
The firm pointed out that research experts are being 
added to the staff of the half-million dollar Froedtert 
Laboratories, in addition to studies by outside re- 





the symbol of the RETORT 


YOUR GUARANTEE 
OF MATCHLESS QUALITY, 
PURITY, UNIFORMITY 


look f 


The Pacifie Coast’s first petrochemicals plant pro- 
ducing ethylene oxide, ethylene glycol, and poly- 
ethylene now is running at full seale according to 
announcement by Carbide and Carbon Chemicals Co., 
a Division of Union Carbide and Carbon Corp., 30 E. 
42nd St., New York 17, N. Y. The Torrance, Calif.., 
plant, located on a 140-acre site, consists of highly 
specialized equipment unlike anything in the area. 
Conversion of petroleum gas into chemicals is carried 
on in tanks, towers, and miles of pipe. Much of the 
gas is brought in from the neighboring General Pe- 
troleum Co. Production processes at the 350-employee 
plant are largely controlled by automation and con- 
tinue on stream 24 hours a day. Of special interest 
to people in the area is the company’s positive ap- 
proach to the problem of air pollution. Carbide and 
Carbon followed recommendations made by the Los 
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search consultants. Simultaneously, the company an- 
nounced it is launching a broad advertising, merchan- 
dising, and public relations program to both the con- 
suming publie and the research scientists. First step 
in Froedtert’s program has been to create a new trade 
name, ‘‘FroMalt,’’ for its product, barley malt. 


. the human element 


Appointment of William J. Hoover as manager of 
technieal services has been announced by Corn Indus- 
tries Research Foundation, Ine., 1001 Connecticut 
Ave., N. W., Washington 6, D. C. 

~~ s+ 
A. N. MeFarlane, general sales manager of Corn 


Products Refining Co., 17 Battery Pl., New York 4, 
N. Y., recently announced appointment of four re 
vional sales service managers—C, J. McDowell, R. F. 
Cohee, R. D. Walter, and E. W. Beardsley—named to 
these positions in the Eastern, Central, Southern, and 
Western Divisions, respectively. They will make their 
headquarters in the company’s Sales Division offices 
in New York, Chicago, Memphis, and San Francisco 


Se ae a 

Richard A. MacWhorter has been appointed sales 
manager, and Edburt L. Timm has been promoted to 
technical director of Pulverizing Machinery Division 
of Metals Disintegrating Co., Ine., Summit, N. J. 
The division manufactures pulverizing, pneumatie air 
conveying, and dust collection equipment. Mr. Mac- 
Whorter had been assistant industrial sales manager 


LOOK TO TWITCHELL FOR 
POWDERED 


CARAMEL 
COLOR 


First introduced over 10 years ago, Twitchell’s Caramel 
Color is now used by leading food manufacturers 
throughout the country. It is a clean, natural coloring, 
completely made from dextrose. Twitchell’s Caramel 
Color is porticularly suited for use in dry food prepora- 
tions to produce a rich color, from a light tan to dark 
brown. 





Typical Uses 
» Powdered Desserts - Dehydrated Soups 
+ Dry Cake Mixes + Bouillon Powders 
+ Powdered Coffee and other beverages 
+ Powdered Gravy Seasonings 


we 


CRESTMONT & HADDON AVES. - CAMDEN 4 


with Henry Disston Sons, Inec., Philadelphia, now a 
division of H. K. Porter Co., Ine. Mr. Timm joined 
the company in 1934, becoming assistant sales man 
ager in 1953 and sales manager in 1954. As technical 
director, he will be in entire charge of the firm’s 
engineering activities, including research, develop 
ment, servicing, inspection, and testing. 
7 + 

Dr. Edward E. Anderson, treasurer of the North 
east Section of IF'T, has joined the staff of the Flavor 
Laboratory of Arthur D. Lit 
tle, Ine., Cambridge, Mass 
Well known for research on 
various phases of canning, 
freezing, and nutrition, he 
comes to ADL from the Uni 
versity of Massachusetts, where 
he was associate professor of 
food technology. His experi 
ence includes eight years on 
the University faculty and two 
years as a federal food inspec 
tor with the War Food Admin 
istration in California. He has 
authored over 30 technical 
papers. 
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Archibald & Kendall, Inc., 481-487 Washington St., 

New York 13, N. Y., announces that their technical 

director, IFT member Walter C. Hansen, recently 

has been appointed to the Research Committee of the 
American Spice Trade Assn., Inc. 


7 + 
Richard D. Boutros has been advanced from chief 
engineer to vice president and director of engineering 
at Mixing Equipment Co., Ine., 135 Mt. Read Blvd., 
Rochester, N. Y. Sueceeding him as chief engineer is 
Milton Dykman, who had served as assistant chief en 
gineer sinee 1951. 


... Anderson ... from 
Amherst to Acorn Park 


7 = 
Dr. Alfonso Cornejo of Mexico City has been ap 
pointed agent in Mexico for Evans Research and De 
velopment Corp., 250 E. 43rd St., New York 17, 
N. Y. Dr. Cornejo is a widely known consultant and 
professor at both the National University of Mexico 
and the National Polytechnic Institute of Mexico. 
7 2 
George J. Madge, formerly comptroller of American 
Can Co., and a veteran of 44 years’ service with the 
firm, has been elected a vice president in the execu 
tive department, and John McCambridge, formerly 
assistant comptroller of Canco, and with the company 
since 1920, has been appointed comptroller to succeed 


Mr. Madge. 
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Dr. Lemuel D. Wright, director of research in 
microbiological chemistry at Merck Sharp and Dohme 
Research Laboratories, Philadelphia, has been named 
a professor of nutrition in Cornell University’s Grad- 
uate School of Nutrition. The school offers graduate 
work leading to degrees in food science and nutri 
tional science. Prof. Wright will work closely with 
Dean Richard H. Barnes in developing the school’s 
research program. Prof. Wright has published more 
than 100 scientific papers. 
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H. E. Woodford has been appointed president of 
Consolidated Food Processors, Inc., a subsidiary of 
Consolidated Foods Corp., Chicago. Upon assuming 
the presidency of Consolidated Food Processors, he 
will be nominated for election to the board of direc- 
tors of the parent corporation. 


Shown above examining a bottle of milk for radioactive contamina- 
tion are 3 Veterinary Corps officers who recently completed a 6-week 
course in examination of food for radioactive contamination at Walter 
Reed Army Medical Center, Washington 12, D. C. Left to right: Maj. 
James M. Shively, Walter Reed; Lt. Col. Leslie Murphy, Walter Reed; 
and Lt. Col. Floyd C. Votaw, Sixth Army Area Medical Laboratory, 


Oakland, Calif. 
7s + 
Gen. Lucius D. Clay, chairman of the board of Con- 
tinental Can Co., 100 E. 42nd St., New York 17, 
N. Y., announced on November 23 that George E. 
Dyke, formerly chairman of 
the board and president of 
Robert Gair Co., Ine., which 
merged October 26 with Con- 
tinental Can, has been elected 
vice chairman of the board of 
Continental. Three new vice 
presidents of Continental Can 
also were elected: Raymond F. 
DeVoe and Norman F. Green- 
way, former senior vice presi- 
dents of Gair; and Robert L. 
Fitts, previously a Gair vice 
president. Gen. Clay an- 
nounced that the former activi- 
ties of Robert Gair, together 
with Continental’s paperboard and fibre drum divi- 
sions, will be administered under the general supervi- 
sion of Mr. Dyke as vice chairman of the board. The 
newly named vice presidents will exercise their re- 
sponsibilities within these general areas. 
os + 
Justin Schmit has been appointed vice president of 
operations of Chun King Sales, Duluth, Minn. For- 
merly assistant to the president, he now will be re- 
sponsible for the areas of industria) relations, re- 
search, purchasing, and engineering at the Duluth 
and Jackson, Ohio, Chun King plants. 
7 + 
Appointment of Dr. Bernard S. Schweigert as di- 
rector of research and education of the American Meat 
Institute Foundation, 939 E. 57th St., Chicago, IL, 


. . » high place at the 
board for CCC’s Dyke 
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and Drs. Delbert M. Doty and Chas. F. Niven, Jr., as 
associate directors has been announced by Wesley 
Hardenbergh, president of the non-profit scientific 
research organization at the University of Chicago. 
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TECHNICAL SERVICE 
REPRESENTATIVE 


Well known Eastern food company is 
seeking to augment its Technical Service 
Division with an aggressive, personable, 
young Food Technologist or Food Chem- 
ist for technical service and sales liaison 
for all types of food manufacturing. In- 
terest in sales engineering desirable. 


Prefer man having up to 4 years ex- 
perience in food industry. Position lo- 
cated in New York City. Some travel 
required. Salary commensurate with ex- 
perience and qualifications. 


Excellent opportunity—and future— 
for an ambitious man to work closely 
with top management. Company-Paid 
Employee and Family Security Benefits. 


REPLIES HELD CONFIDENTIAL 


Please send resumé with details of edu- 
cation, experience and salary require- 
ments to: 


Box FT 1914 
125 West 41st Street, New York City 
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Reorganization of the Foundation’s administrative 
staff was made necessary by the death of Dr. Henry R. 
Kraybill, noted scieatist and educator, who had aided 
in the creation of the Foundation and had served as 
its director from 1947, when it first began operations. 
All three of the new administrative officers have held 
positions of research and administrative responsibility 
at the Foundation for eight or more years. All for 
several years served with Dr. Kraybill as assistant 
directors in charge of specific areas of research. All 
three hold professorial appointments at the University 


of Chicago. 





EMPLOYMENT NOTICES 





WANTED: Food Technologist with ex- 
perience in salad dressings, dehydrated 
soups, te take charge of production. Lo- 
cation Mexico City. Excellent opportu- 
nity for good man. Send resumé and sal- 
ary reguirements. REPLY BOX 515, 
Institute of Food Technologists, 176 W. 
Adams St., Chicago 3, Il. 


The World Health Orgamuzation, Ge- 
neva, Switzerland, invites applications 
for the post of Scientist, Food Additives, 
which will become vacant in August 1957 
at Headquarters in Geneva. 

Required to plan and organize the col- 
lection and dissemination of chemical, 
physical and toxicological data relating 
te food additives; to give technical ad- 
vice to Member States on this subject; 
to organize technical meetings and to 
collaborate with individuals and organ- 
izations working in this field. 

B.Sc. or higher degree in food chem- 
istry or related science from a recognized 
university; at least five years experience 
in a position requiring knowledge of food 
analysis and technical problems relating 
to food additives; preferably some know]- 
edge of toxicological procedures and ad- 
ministrative and legislative problems re- 
lating to food additives; two-year con- 
tract in first instance; salary $7300 per 
—— plus allowances and travel costs. 

pply in writing to the Personnel Of 
fon” orld Health Organization, Palais 
des Nations, Geneva, not later than 1 
February 1957, stating age, nationality, 
education and details of past and present 
employment. 





EXPERIENCED FOOD 
TECHNOLOGIST—CHEMIST 


Sales position—working with the food 
industries on new products and prod- 
uct improvements. 


Excellent opportunity for an experi- 
enced technologist, food or cereal 


chemist. All replies confidential. 


P. W. Bauman 
MONSANTO CHEMICAL 
COMPANY 
710 No. 12th Blvd. 
St. Louis 1, Missouri 
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16, N. Y. 


Division. 


industries. 


Philip P. Gray, chief chemist of Wallerstein Lab- 
oratories since 1934, has been elected a vice president 
of Wallerstein Co., Ine., 


180 Madison Ave., New York 
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James E. Fike has joined Pennsalt Chemicals Com- 
pany 3, Penn Center Plaza, Philadelphia 2, Pa., as a 
technical service engineer in the Chemical Specialties 
In this capacity he will specialize in sales 
service on Pennsalt’s line of B-K sanitation chemicals 
for milk producers and the dairy and food processing 





FOOD TECHNOLOGIST OR BACTE- 
RIOCLOGIST—B:S. or M.S. Quality con- 
trol, product development, and food re- 
search. Large food processor, central 
New York. Send resumé, salary require- 
ments. REPLY BOX 513, Institute of 
Food ‘Technologists, 176 W. Adams St., 
Chicago 3, Ill. 
WANTED: FOOD TECHNOLOGIST. 
Ph.D. in chemistry desirable including 
background in industrial application, 
packaging and processing of foods. In- 
volves staff supervision over extensive 
food and container program executed in 
field laboratories and under contract. 
Salary $8,900. Location Washington, 
D. C. REPLY BOX 517, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3 3, Ill. 


CHEMICAL ENGINEERS 
$6000-$9000 

Excellent openings with multi-plant com- 
pany in paper and plastics packaging, 
research and development, process and 
production of refrigerated foods and 
other food products. Employer pays our 
fee and expenses. Send resumé and photo 
to Mr. H. A. Jensen 

WALKER EMPLOYMENT SERVICE 
212 So. 7th St. Minnsapelie 2, Minn. 





FOOD PROCESSOR AND BUSINESS- 
MAN. 28 yrs. exp. in managing large 
fruit processing plants in Europe and 
America. Chemist and technologist able 
to build, technically and commercially 
manage large plant. With excellent mar- 
keting connections. Specialist in apple 
industry (canned apples, juice, concen- 
trate, esters, pectin). Seeks responsible 
position from July 1, 1957. REPLY 
BOX 514, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, IIl. 





FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel, Inc. 

Room 628 
HArrison 7-8600 
220 S. State St., Chicago 4, Ill. 


AVAILABLE: Industrial Chemist-Engi- 
neer, B.S., post-graduate studies in food 
chemistry and bacteriology. Member IFT, 
ACS, AOCS. Completing foreign contract 
assignment for nationally-known research 
organization. Previously 15 yrs. produc- 
tion, control, research and development 
with major meat packer. Successful su- 
pervisory experience. REPLY BOX 518, 
Institute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 





WANTED: Ph.D. in radio-chemistry for 
staff duties connected with radiation 
preservation of foods and effects of radi- 
ation on non-food items of military sig- 
nificance. Involves staff supervision over 
extensive program. Salary in excess of 
$10,000 per annum. Location Washing- 
ton, D. C. REPLY BOX 516, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 








Z Py 8. W. ARENSON 
7» FOOD Director 
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( DEVELOPMENT y: Franklin St 


440 W. 24th St. 
New York, N. Y. 


velopment evaluations « New products de- 

t— flour, shortenings, milk and 

basic ingredients « Chemical and 

physical laboratory, bakery, spray dryer 
equipment. 











SERVICES TO THE FOOD INDUSTRIES 
Consultation on Food Problems. 
Analyses of food materials and products. 
— — design, process examination 


control. 
Legal testimony and consultation on 
government regulations. 


Founded 1867 
Write for bulietin pees Quality 
and Beverages” 
ARZ LABORATORIES, Inc. 
St., Mount Vernon, N. Y. 











TRUESDAIL 
LABORATORIES, INC. 


Ch acte 


Research — Analyses — Testing 
Foods — Drugs - Allied Products 





Projects, Consultation, and Pro- 
duction Control Services in 
Biochemistry, Chemistry, Bacteri- 
ology, Toxicology — Insecticide 
a - —Fiaver Evaluation 


MNI- RES EARCH FOUNDATION 








PEPPER 
CINNAMON 
CLOVE 
MACE 
ALLSPICE 


PEPPEROYAL AND 
SOLUBLIZED SEASONINGS 


In this age of scientific miracles, Griffith's staff 

of chemists enable you to change a good product into 
a delicacy—simply by changing to PEPPEROYAL or 
SOLUBLIZED SEASONINGS. 


Griffith’s Solublized Seasoning formulas set a new 
high standard in flavor potency, purity and uniformity. 
By a special extraction process,* Griffith controls flavor 
quality. Blends spice extractives scientifically—with 
predictable, dependable results for spice users! 


Change from the old to the new flavor quality—change to 
PEPPEROYAL OR SOLUBLIZED SEASONINGS. 


Write us for details. | 


* PEPPEROYAL is a a name 


Gr FRITH 
LABORATORIES, Inc. 


a 


nteosiiaere. 
CHICAGO 9, 1415 W. 37th St. * NEWARK 12, 37 Empire St. 
L NGELES 58, 4900 Gifford Ave. 





No other spray-dried flavors are 
more carefully guarded than 
Norda Nodes, to insure com- 
plete excellence, from starting 
spray to finished powder. 


Nothing’s known 
like Norda Nodes 


... Spray-dried 
for you by Norda 


Producing just-ordinary spray-dried flavors 
never would have interested Norda. Thiit is why 
Norda developed Norda Nodes, and why Norda 
Nodes come only from Norda. 


Norda men are flavor experts. It took their years 
of experienced skills to create the methods, help 
devise the machines, that make Norda Nodes 
possible. 

Here are your true-fruit flavors, with every rich, 
real flavor essential locked ingeniously in tiny, 
colloid-coated “grains”, that instantly flood foods 
with flavor when dry mixes are liquefied. 
Uniform product flavor results. Flavors stay 
fresh and changeless, through much longer shelf 
life, and storage. Norda Nodes carry your qual- 
ity through, from you to your customers. 


Send your letterhead today for free samples. 


“Flavor it with a Favorite’’— Norda Nodes 


ING rda 


Norda, Inc. 
601 West 26th Street, New York, N. Y. 


* LONDON + PARIS + GRASSE - 


MEXICO CITY 





